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PREFACE. 


Some three years ago a single-frame direction-finding 
apparatus was placed on the British market for the 
first time. No book in the English language dealing 
with direction finding by means of a single frame ex- 
isted at that* date, and the need for such a book has 
been felt ever since. The present book is an attempt 
to fill this want. The vexed question of whether a D.F. 
instrument should be worked by a W/T operator or by 
a navigator is still an open one. Hitherto, unfortu- 
nately, there has been a great lack of co-ordination 
between the two branches, but it is now realised that a 
close liaison between them is essential for the success- 
ful working of D.E. installations. Usually the W/T 
operator, with a little instruction, was quite capable of 
taking bearings, but he was not always able to apply 
them himself or even to understand their application. 
On the other hand, the navigator, although perfectly 
able to apply the bearings given to him, had little faith 
in their accuracy, owing to his lack of elecferioal know- 
ledge. The object of this book is to link up these two 
branches so that each has a good working Imowledge of 
what the other is doing. The general electrical prin- 
ciples are very simple, and only that is included which 
is considered indispensable to procure a working know- 
ledge of B.E. installations. The navigational portion, 
although no doubt very elementary to the navigator, 
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CHAPTER I. 

GENERAL ELECJTRICITY. 

Matter. — ^The modem conception of matter is that all 
solids, liquids, or gases can be divided into wtoZecwZes, which in 
turn can be sub-divided into atoms. These atoms are usually 
looked upon as the smallest portion of a substance which can 
take part in a chemical action, e.g. 2 atoms of hydrogen (H) 
and 1 atom of oxygen (O) combine to give 1 molecule of 
water (H 2 O). 

These atoms, moreover, are considered to consist of a 
positive nvucleus around which there are negative electrons. 
The total negative charges of the various electrons in the atom 
equal the total positive charge of the positive nucleus. Thus, 
under normal conditions there is a state of equilibrium. The 
medium over which these charges act is the ether. 

Now imagine that a neutral atom is in some way disturbed, 
so that one electron is taken from it. Then there remains a 
body which has a svirplus of positive charge. This is usually 
known as a positive ion. There remains the separate electron 
with it« negative charge. Owing to the enormous difference 
in mass between the negative electron (about 1/1800 of a hydro- 
gen atom) and a neutral atom, a mass attraction can be imagined 
between these two bodies. This would pi’oduce a resultant 
body which has a surplus negative electron and is called a 
negative ion. 

To summarise — ^matter is presumed to consist of a medium 
called “ ether,” and bodies which we term ” atoms,” “ elec- 
trons,” and “ ions.” 

The atom is neutral in charge. 

The electron is negatively charged. 

An atom plus one or more electrons becomes a body with 
a surplus negative charge, and is called a “ negative ion.” 

1 
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An atom minus one or more cloctrouH is j>«>8itive in charge 
and is called “ a positive ion.” 

If a body is changed from its normal condition, that is, of 
neutral atoms, to a condition of ions (positive or negative) and 
electrons, then this body is said to be “ ionised.” Por exampfe, 
if a high-voltage discharge is passed through a gas there otsours 
an entire change in the condition of that gas. Jt t!hang<*s from 
the condition of neutral atoms to that of positive aiid negative 
ions and electrons, and the gas is said to be “ ionise<I.” 

There is a large number of ionising agents. For inst^nuu*, 
an ordinary gas dame in air will produce sufficient ions t<» 
discharge a charged electroscope. 

Any electric discharge is aKHocjate<l with ionisation. 

Any electrolysis is associated with ionisation. 

Radioactive substances, e.g. radium or thorium, are ionising 
agents ; “ gamma ” rays from the sun produce ionisation in 
the upper atmosphere (see “ Night Effect,” Ghaj). X.). 

Current of Electricity. — All elements, whether silver, 
copper, mercury vapour, hy^ogen gas, or any other substance, 
consist of negative electrons in motion around a positive nucleus 
in an ether medium. The velocity of movement of these elec- 
trons is dependent upon the temperature, and the amplitude of 
the movement depends on the “ length of free path,” or, to 
put it more simply, on whether tho material is a solid, a liquid, 
or a gas. 

The normal movement of the electrons in tho atom does 
not produce any strain in the ether which can be detected by 
any known method. Suppose, however, that a general drift 
of these electrons occurs in one direction in the substance, tlum 
conditions exist which are commonly called “ an olectri<! <uir- 
rent.” This has its associated ether strains which can ho 
detected as lines of force. 

Now each electron carries with it a definite charge, which is 
1*57 

coulombs. (A coulomb is the unit of quantity of elec- 
tricity.) 

IQl# 

Thus, if we can cause a drift of electrons per aeo. w© 

10** 1’57 

would produce a charge of ^ X « 1 coulomb. 
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In other words, we would produce a current of 1 ampere 
through the conductor. 

The legal definition of an ampere is that steady current 
which will deposit 0-001 118 gram of silver per second on a 
platinum cathode immersed in a 15 per cent, solution of silver 
nitrate, the anode being of silver. 

Voltage. — ^If a positively charged body (i.e. one with a 
deficiency of negative electrons) and a negatively charged body 
(i.e. one with a surplus of negative electrons) exist at the same 
time, ether strains will exist between these bodies. The amount 
of ether strain is called the 'pressure or potential difference or 
potential between the bodies. It is measured in volts. 

Provided the strain were such that 1 ampere would pass 
through a conductor of a resistance of 1 ohm, then the pressure 
would be 1 yolt. The voltage is usually Called the E.M.F. (or 
electromotive force). 

Resistance. — Imagine an ether strain in any substance. 
The resultant movement of the electrons in the substance will 
depend upon — 

(а) Natxire of the substance. 

(б) Length of the substance. 

(c) Area of cross-section of the substance. 

For a given ether strain there will be a different movement 
of the electrons in, say, copper and rubber. It will require a 
smaller ether strain or pressure (voltage) to cause a flow of 
electrons through a metal than through a substance like rubber, 
porcelain, or mica. Substances requiring a small ether strain 
(voltage) for a definite movement of electrons (current) are 
called cotuluctors, while stxbstances requiring a very high ether 
strain for a movement of electrons through them are called 
insulators. The terms “ conductor ” and “ insulator ” are only 
relative, and define roughly the ease with which electrons can 
be caused to drift through the body. 

The practical unit of resistance is the Ohm, and is defined as 
the resistance offered to an unvarying current by a column of 
mercury 106*3 cms. long and of constant cross-section equal to 
1 square millimetre, its temperature being at 0° Centigrade. 

A Simple Circuit is such as shown in Fig. 1. 

It comprises a source of F.M.F., such as a battery, the 
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voltage of which is measured by a voltmeter V dii’ootly 

across it. The source is connected by metal conductors to the 



Fig. 1. 


resistance R, and the resultant <uirreut 
tlirough the circuit is indicated liy the 
ammeter A, wliich is connected direi^tly 
in the circuit. 

There always exists a definit<‘ rc‘la- 
tion between the E.M.F. (c), the n'sistane.e 
(R), and the current (/) flowing through 
the circuit. This relation is 


From which 


i (in amperes) — 


c (in volts) 
R (in ohms)" 


C i . R. 


This is the difference in electrical pressure existing betwerm 
the ends of a resistance R when a current (/) flows through it, 
and is called the potential drop (P.D.) or potential differrnre in 
the resistance. 

The relation i — ^ is known as Ohm's Law, and holds for 
all direct-current circuits. 

Blectrical Power. — ^When a current i (in amperes) flows 
through a circuit containing a resistance R (in ohms) for a 
period of t seconds, there is a definite heating effect on the 
resistance. This is expressed by the following equation - 

Heating effect in joules ==: R . t. 

In other words, the energy dissipated in heat in 1 seoon<l is 
joules. This is known as Joule's Fmw. 

Since e = » . R, the energy dissipated per second can also be 
expressed as i . e. 

Energy per second is called power (which is expressed in 
watts), so that 

W (watts) — e (volts) x i (amperes). 

Thus, when an E.M.F. of e volts is applied to a circuit containing 
a resistance of R ohms and the current resulting in the circuit 
is i amperes, the power is (e x i) watts, and the heating effect 
on the resistance per second is i®R. 

Once the eleotrioal energy is converted into heat, this energy 
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is lost from the circuit, and power lost in this way is frequently 
called the loss. 

Connection of Resistances in a Circuit. — There are two 
ways of connecting resistances in a circuit, namely, (a) Series, 
(b) Parallel. 

These methods are illustrated in Pigs, 2 a and 2b. 

PARALLEL CONNECTIONS 
— 

SERIES CONNECTIONS 

— ^A/w/^ ^a/wsat- 

Pia, 2a. .. Fxq, 2b. 


If Ri = value of first resistance, 

Rg = value of second resistance, 
Rg == value of third resistance, 


R„ = value of wth resistance, 

R = total value of resistance, 

then for series connections, 

R = Rj + Rg -f Rg . . . + R„, i.e. total resistance is 

increased, 

and for parallel connections, 

1/R = 1/Ri 4 - l/Rg + I/R 3 . . . + 1/R». i-e- total resistance is 

decreased. 

Alternating Current. — So far, only steady or direct cur- 
rents (commonly indicated by the letters D.C.) flowing along 
conductors in one fixed direction have been discussed. In 
other words, a general drift of electrons under a steady potential 
in one fixed direction has been assumed. Now consider that 
the E.M.P. is not steady, but reverses its direction rapidly. 
This implies that the electrons will be under a strain tending 
to move them in one direction for a certain period of time, and 
then to move them in exactly the opposite direction. The 
number of changes of direction per second is termed the half 
Jreqtiency. Frequencies up to 1000 reversals per second are 
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usually considered as “low fi-equencios.” lu wireless work, 
the number of reversals per stHJond is very mueh higher, and 
has a fixed relation to tho wave length eiu]>!oyt‘d. 'Phns, a 
wave-length of 600 metros corrosjfxmds tt> a fn^qntMiey of 
per second, and the current reverses every Heconti. 

It is obvious that quite different eontUtions must holtl 
in circuits involving Alternating Cuirent (A.d.) in e(nn{Hi.rison 
with those involving Direct Current (D.(\). 

Take a simple A.G. circuit as in Fig. .'i. Here is sitown an 
A.C. voltage supply producing an A.C'. current thn^ugh a fixed 
resistance R. 

The resistance R varies slightly according to the frequency 
of the A.O., and increases somewhat with the frequency. 



Fig. 3. 



The simplest form of A.C. current or A.C. voltage is that 
which obeys a “ sine law,” in which case the curve obtained 
by plotting instantaneous values against time is a sine wa\^. 
This is illustrated diagrammatically in Fig. 4, 

Here the current starts at zero value, rises to a po.sitive 
maximum value 1^, and sinks again to zero value at P. At 
this point the current reverses in direction and rises to a 
negative maximum value (where ^ Vj, and finally 
reaches zero value again at Q. 

The time period OPQ is a complete cycle, and the frequency 
or periodicity is the number of these cycles per second, Tho 
average value of the current over a complete cycle is zero, as 
all positive values between OP, and all negative values between 
PQ, cancel one another. 

The effective value of an alternating current is defined in 
terms of the heating value through a fixed resistance comjMbxed 
with a direct current through a resistance. 
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Let i = value of alternating current at any instant, 
leff. = effective value of A.O., 

R = circuit resistance. 


The heating value due to effective value, i.e. average power 
= I®R. Also, the power at the instant when the current is 
equal to i is 4 ®R. 

Then 

Mean value of i®R = lea.^R- 
R X (mean value of i*) = R . lew.®, 
or leff ® = m ean value of a®, 

i.e. leff. = v^mean value of i®. 


Thus the effective value I equals the square root of the mean 
value of the squares of all the instantaneous values. This is 
often called the root-mean-sqtiare value, or R.M.8, value or 
virttuil value. 


This R.M.S. value is — 7 = , or 0*707, of the maximum value 


for a pum sine wave. 

Conversely, if I is R.M.S. value, then for a pure sine wave 
the maximum value is /v /2 I, or 1*414 I (R.M.S. I is the value 
measured in A.C. ammeters). Similarly with A.C. voltages, if 
E„, = maximum voltage (peak voltage) and e^s. — R.M.S. value. 


then 


Em =- «e«. X 1*414. 
fiea. == Em X 0*707. 


If, when ,the voltage is at maximum value, the current is 
also at maximum value, and when the voltage is at minimum 
value the current is also at minimum value, then the current 
and voltage are exactly “ in step ” and said to be in phase. 

With a resistance R in oii*cuit as shown in Pig. 3, the same 
relation holds as for D.C. circuits, i.e. 


»eff. =-■- where Serf. = 0*707E,„. 

(These circuits obey Ohm’s Law.) 

Moreover, provided the current and voltage are in pihase, 
the power can be expressed as for D.C. circuits, that is, 

Wyatts ~ *efl. X Sea, 
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If the current and voltage aiv aa»i in {>ha.se, hut tUlVer hy 
an angle we have 

valts *" h‘lf. "• ^ V** 

“ Cos ^ ” is called the power factor, an<l nuiy be. ex{>resst*<{ by 

COM <f> ^ . 


(Note . — See Apptnidix III. for de^finition of trigononud-rh'al 
functions used.) 

Condensers. — ^If two eoiuliKstors are phu'ed paralh*! to one 
another and separated by a suitable <lielectrie, tlu'y form a 
condenser. 

The usual form of condenser consists of on«‘ or more plaitss 
separated from other plates by a dieleetrict such as air, t>ll, 
mica, ebonite, or glass. 


If A = area of one sot of plates in square centimetres, 

d = thickiiess in centimotitis of dielectric between sets of 
plates, 

K = dielectric constant of dielectx’ic used, 

C = capacity of condenser in centimetres. 


then 


C== 


KA 

Aird 


shi- 

cms. or 


KA 


4ml . 900, (MM > 


mfds. 


If V — voltage across the plates of the condenser ixi volts, 
Q = quantity of electricity in coulombs. 

C = capacity in farads. (A farad is the unit of measure- 
ment of capacity), 

then C = ^, i.e. - • y ' ■ where i — curxent in amxxeres 

t — time in seconds. 

In other words, 1 farad = 

I volt 

A. farad, is much too large a unit for practical purposes, and 
is consequently divided into microfarads. Using the C.Q.S. 
system the microfarad is again divided into o^timetres. The 
relationship is as follows : — 

1 farad = 10® microfarads (mfds,). 

1 mfd. =5 900,000' cms. 
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Energy in a Condenser. — ^The energy (E) stored in a con- 
denser in the form of electrostatic energy is J CV**, where C 
is in fai’ads, V in volts, and E in joules ; 

,, iC infds. X volts 
or E . 


Resistance or Reactance of a Condenser^ — con- 
denser is a non-conductor for D.O., but for A.C, it acts as a 
conductor with a definite resistance, called its reactance. The 
reactance (Xc) of the condenser is dependent upon the frequency 
of the A.O. and the size of the condenser, and can be written 


where 


X 


c 


1 

w.C 


or 


I 

27mG 


to = Inn, where n — frequency, 
C = capacity in farads. 


The greater the frequency, the smaller is the reactance. The 
greater the condenser, the smaller the reactance. 

Connection of Condensers in a Circuit. — Condensers 
may be connected in a circuit in two ways — 


(a) Series. (6) Parallel. 


— I K 


If it is desii*ed to increase 
the total capacity of a cir- 
cuit, then the condensers are 
joined in parallel, as shown 
in Pig. 5a. 

If it is desired to reduce 
the total capacity of a cir- 
cuit, then the condensers should be joined in series as shown in 
Pig. 6b. 


Fig. 5a. 


Cl Ce C3 


Ce 

Fig. 6b. 


Let Cl — capacity of first condenser, 

Cj = capacity of second condenser, 
C3 — capacity of third condenser, 
C4 = capacity of fourth condenser, 


On = capacity of nth condenser, 
0 = resultant capacity, 
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then for parallel connection, 

C-C, -t-o., + Ca + (5., ... I ; 
for series connection, 

1/C = 1/Ci + 1/C, + 1/C, + l/C, ... I i/V„. 

It is to be noted that an aerial circ.uit may wgarthnl as 
a condenser, and any capacity added in series with the mn’ial 
must decrease the total aerial capacity. 

The above formulas should be ttompan'd with t.lsose for 
resistances and inductances conu<*cied in scries uiul luiraliel 
respectively (see p. 6). 

Inductance. — ^Whenever a current flows through a wire, 
there is a number of lines of magnetu' forvv. linked with this 
wire. When the lines of force are uluiuging in nuniher, tht‘re 
is an induced E.M.F. in the wire wliich is propoi'tional to the 
rate at which the lines of force are changing. 'I'his prtsperty of 
the circuit is called the self-inducta7ice of the circuit, and may 
be defined as that property of an electric circuit in virtiu* <.>f 
which an E.M.F. is induced in it whenever the valiu' of the 
current in it is changing. The practical miit of imlnrtancc is 
called the henry, and a circuit is said to havit an imhuitanet' of 
1 henry when a current of 1 ampex'e through the eiivuit pr<Hiuecs 
10® linkages, or a change of 1 ampei-e ixi 1 second produi*es an 
induced E.M.F. of 1 volt in the circuit. 

Usually, the self -Inductance is measured in either tnilli- 
henries or microhenries or centimetres 

1 henry = 1000 millihenries. 

1 henry = 10® microhenries. 

1 microhenry 1000 centimetres. 

Reactance of an Inductauice. — A circuit containing an 
inductance has a definite resistance to D.C. current, but a mucli 
greater resistance to A.C. This resistance is called the Induc- 
tive reactance of the circuit, and is expressed by 

Xi == wL where Xl — reactance in ohms, 

oi == 2w'Tr, where n = frequency, 

L =s inductfbnce in henrira, 

or Xj. B=! 2%»7L. 
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These exi)i*e8sion8 show that on increasing the frequency, 
the resistance increases proportionately. Thus, if the inductive 
reactance is 50 ohms for a frequency of 100, it becomes 600 
ohms for 1000. 

Although the D.O. ohmic resistance may be very small, the 
inductive reactance to A.C. may be large, especially with very 
high frequencies comparable with those used in wireless. This 
inductive reactance is just as important in high-frequency A.C. 
work as ohmic resistance is in D.C. work. 

Energy due to Inductance. — Imagine an inductance coil 
of value L henries having a current i amperes flowing through 
it. Then the energy (electromagnetic) linked with this coil is 

E = 

Connection of Inductances in a Circuit. — Inductances 
can be connected in a circuit in two ways — 

(a) Series and (b) Parallel. 


sERies coNNecTiorts 

nnnnr — winr — inmnr 

i-i *-1 

Fia. 6. 

To increase the total inductance of the circuit the separate 
inductances should be in series as in Pig. 6. 

To decrease the total inductance of the circuit the separate 
inductances should be in parallel as in Fig. 7. 

If L, — inductance value of first coil, 

L'a == inductance value of second coil, 
inductance value of third coil, 

I<„ == inductance value of nth coil, 

L = total induotanoe value, 

' then for series connections, 

L = -+■ L, •+• L# . . . + Ln, i.e. total inductance is increased ; 


PARALl-CL CONNCCTIOHS 



— mnrn 

1-2 



‘■:nnnnmr^ 

— rrrhn 

Fig. 7. 
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for parallel connections, 

1 /L = 1 /Li + l/La -f I/L 3 . . . -J 1 , L„, i.<‘. tt»lul iiuhu’tiuiff is 

reduce<l. 


The above forniulse ai'c similar to those r<*lat hifj; to n'sistanees 
in series and parallel respectively. 

Circuit containing Capacity, Inductance, and Re- 
sistance. — On page 7 it was shown that tht‘ relationship of 

current to voltage* aiul re‘sistdin<*<‘ fe>r 
a circuit containiteg resisteinen* with Jin 
te-pplicd alte^rnating K.M.F. edx'yeHl Ofim's 
Law. 

Consider the same* e*ire'uit ftmiaining 
in addition both inelueteuieH* ami eeipaeity , 
as shown in h'ig. H. 

Here we have the total reaistonces or iinpe‘dane*e‘ in the* e-ire-uit 
made np of three factors, viz. I’esistanoe^ elue* to ll, re'sistaneu* 
due to inductance, i.e, 2 ?i 7 rL, anel rc^sistance* eUu* to erapae*ity. 



1 

1«0« 

2n77’C 

The resistance of the inductance oppo.“ieH a cdutnge* in e*eirre*nt, 
while that of the capacity aids the eurreujt, s<) tliat the‘se‘ ne>t in 
opposition. Then the following rehitionship ht>lds : 


»eff.== 


^eir. 




Resonance. — ^Resonance occurs when 2nnl4 
in this condition 


1 


und 






Ceft. 

It 


i.e. the oircuib obeys Ohm’s Law. 


It is to be noted that a circuit is said to be in resonance with 
an impressed H.M.R. when the L and C values of the circuit are 
so arranged that the frequency of the circuit is equal to that 
of the impressed E.M.F. 

It is apparent from this relationship that it is most important 
to make the ohmic resistance as low as possible, since in the 
resonance condition the current can be made as hi g h as reqjoixed 
by making the ohmic resistance of a suitably low raliie. 
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Transformers. — ^Imagine two windings P (the primary) 
and S (the secondary) on a former as shown in Pig. 9. 

Any A.O, voltage applied to P pro- 


duces an A.C. voltage of the same 
frequency in S. 

The ratio of currents in the primary 
and secondary windings is practically 
proportional to the ratio of the number 



of turns in the primary and secondary. 


then 

and 

i.e. 

i.e. 


If Tp = turns in primary, 

T, = „ „ secondary, 
ip ±= current in primary, 

= „ „ secondary, 

Vp = voltage in primary, 
Vj = „ „ secondary, 

V,_Tp 

V. “ 



This is approximately true, as transformers are highly 
efficient pieces of apparatus. 

Telephones. — As a sensitive means for detecting weak 
wireless signals telephones are used. These consist of per- 
manent magnets through which pass the weak rectified currents 

in the wireless circuit. Over the pole- 
pieces of the permanent magnets in the 
telephones are soft iron diaphragms 
which respond to the smallest changes 
in magnetic flux due to the current 
Fiq. 10. flowing through the windings of the 

pole-pieces. 

Two fluxes mxist be considered in this case. Firstly, the 
flux due to the permanent magnet (Mi) and, secondly, that 
due to the pulsftting current through tho telephone coils, say. 
Mg sin . jpt. 


DtAPHRAfiM 
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The effect of these combined fluxes on tlu‘ diaffliragm is 
proportional to 

(Ml + Mg sinpO** == "1’ P^' 

The middle term can be neglected owing to its small value. 
Mj is a constant. The force causing the diaphragms to vibrate 
is proportional to 2MiM2 8inpf. M, cannot b(< inen‘as(‘d in- 
definitely, as this would cause the dia])hragm to b(^ saturat^nl. 
If there flows too strong a steady current through the telephf)«H' 
coils, then the flux Mj may be so strong that the diaphragm 
becomes saturated. This would bo the case if too strong a 
dii’ect current flowed from a H.T. battery through tin* 
phone coils, i.e. with the phones dirtjctly in the H.T. jKwitive 
lead. In this case there would ho little resjMmst* from Hm 
pulsating flux Mjsinpi, and tho phonos would be insi'nsitivi*. 
It is best to avoid any direct-current (jomponent from the 
H.T. battery passing through the telephone coils by using a. 
telephone transformer and connecting one sitlc (the .secondary) 
in the H.T. lead and the primary across the teh^phones. Tlie 
telephone is essentially a current o^Mirated instnnuent, and con- 
sequently the transformer should be of the step-down ty}w, 
i.e. one in which the large voltage and small curwmt in the 
secondary is transformed into a small voltage and t‘om})ara- 
tively large current in the primary. In this case low-nwistancc 
phones are used across the primary of tlio tolephono trans- 
former so as to get as big a change of flux as possible for a 
small change in the value of the pulsating component Mj sin pt. 

The best ratio is approximately IS : P — 7 : 1. 
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CHAPTER II. 

VALVES. 

As modern wii’eless practice, both as regards transmission and 
reception, is mostly based on valves, it is essential that the 
elementary principles of their operation be understood. As 
mentioned in an earlier section, when certain elements are 
heated, e.g. tungsten, or molybdenum (particularly when 
treated with thorium compounds), they emit a number of 
small negative particles called electrons, each of which carries 
a negative charge of electricity. In a valve there are three 
essential parts, which are usually enclosed in a glass bulb. 
These parts are : — 

(a) The filament, which usually consists.of tungsten or molyb- 

denum treated with compounds of thorium. 

(b) The grid, which usually consists of an open nickel wii*e 

cylinder surrounding the filament. 

(c) The plate or anode, which usually consists of a circular 

nickel cylinder surrounding the grid. 

These ai‘c diagrammatically shown in Fig. 11. 

The filament is caused to emit electrons 
by being heated by means of a filament 
battery or through a filament transformer 
delivering current at the requisite voltage. 

The number of electrons emitted by the fila- 
ment per second depends on the size and 
type of filament, and on the temperature, 
and increases with the rise in temperature. 

These electrons, having a negative charge, are attracted to 
the plate, which is positively charged by being connected to 
the positive terminal of the H.T. battery. By changing the 
charge on the grid we have a method of controlling the number 
of electrons reaching the plate, and consequently the current 



Fro. 11. 
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in the plat© circuit. If negatively charged, the grid will oppose 
the passage of the negative electrons through it, aiui thus 
diminish the current in the plate circuit. If, on the other hand, 
the grid is positively charged, it will help the passage of the 
electrons to the plate, causing an increase in the plate imrtvnt. 

Moreover, there will be a big increase in v<»lts on the plate 
for a small increase of volts on the grid. If, for example, the 
grid potential is changed by 1 volt, and the effect on tlie plate 
current is such that to achieve the <«*iginal jffatt* eurmit the 
plate voltage must be decreased by 5 volts, then the mnpUjimtion 
factor or ampUficatwn constant (frequently ealUsl the ft value) 
of the valve is said to be 5. The amplilication factor varies 
considerably for different types of valve. 

Anode Current — Grid Voltage Characteristic.- As the 
grid voltage governs the anode current, a charaeteristie ejirve 
can be drawn showing the 
variation of the anode current 
with varying grid volts. 

The valve filament is heated 
by a battery, and varying vol- 
tages are applied to the grid 
by means of a grid battery 


GRID SATTERV 

Pio- 12. PiH. 13. 

connected across a sliding resistance. In the plate circuit is a 
high-tension battery, the positive of which is connootexi to the 
valve plate and the negative to the L.T. positive terminal. 
Included in this circuit is a miUiammeter for measuring the 
value of the plate current. 

Fig. 13 represents a tj^ical anode current — ^grid voltage 
characteristic curve. With 8 volts negative on the grid there 
is no plate current. TJi© plat© current increases with 
grid volts until at Hh 8 volts it reaches a mariwiwtn -value of 
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3 milliamperes. Any increase of grid volts over + 8 does not 
increase the anode current. In other words, all electrons 
generated at the filament have been carried across to the 
plate. The valve is said to be saturated. 

When the grid volts are such that the voltage of the grid is 
higher than that of any portion of the filament, a “ grid current ” 
passes, that is to say, a current flows along the path filament- 
grid. . 

Valve as a Detector. — If an incoming wave is applied to 
the grid of the valve connected as in Fig. 14, functioning on 
the point A of the curve showm in Fig. 13 
(6 volts negative grid bias), the grid will 
have an alteimating E.M.F. impressed upon 
it. The positive half of the first oscillation 
will raise the grid volts from — 6 to, say, 

— 5, and the plate milliamperes will ac- 
cordingly change from 0-2 to 0-35. The 
second half of the first oscillation will lower 
the grid volts from — 6 to — 7, and lower 
the plate milliamperes from 0-2 to O'l. 

Thus the plate milliamperes follow the change in the grid 
volts, but not symmetrically. In other words, the mean plate 
current will be raised above that corresponding to the point A. 

The effects of two trains of incoming signals are shown in 
Fig. 15. 





k-TIME 

Fia. 16 , 

The wave-trains cause the grid volts to fluctuate about 
their mean value of — 6 volts, while -the plate milliamperes 

g 
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vary about their steady value of 0*2 milliamperc, wo that tluTo 
is a slight mcrease in the steady main current in the plate cir- 
cuit. This is shown by the dotted line. Now, this increase in 
the mean steady plate current will bo I'ecordcd by the telephones, 
which axe only sensitive to a change in current. Thus to each 
train of waves we get a corresponding sound in the telephones. 

Here the valve is acting as a “ detector ” of the incoming 
oscillations. 

A ftiTwi1fl.r result could be obtained by working the valve 
at point B near the saturation bend ; only at this point one 
would find a decrease in the mean plate cuiTent, and not an 
increase as at the point A. It is to be noted that the grid is 
sufi&oiently negative when working on point A, to prevent any 
flow of grid current. In this case no energy is drawn from the 
oscillating receiver circuit, so that this circuit is not dami>ed 
by the action of the valve. 

Leaky Grid — Condenser Rectification. — A very common 
method of connecting a detector valve in circuit is as shown in 

Fig. 16. 

Here the grid of the valve V is con- 
nected through a small condenser 0 to 
the source of oscillating potential (in the 
above case the received energy in the 
aerial). A high resistance R is connected 
between the grid and the positive end of 
the filament of the valve V. 

The action may be explained as 
follows : — 

In the above scheme of connections the grid is at a higher 
potential than the negative end of the filament, and thci-eforo 
electrons will flow from the filament to the grid. If a grid 
current ig is floMong in this circuit through the high resistance 
R, then the voltage drop in this resistance is ifB>, and, assuming 
the grid to be connected to the positive end of a 6-volt battery, 
the grid potential, with respect to the negative end of the fila- 
ment, is 6 — ifB, volts. 

The valve is now; functioning at a point, say, P on the curve 
shown in Fig. 13, i.e. with a certain definite grid current as 
well as plate current. 

If an oscillation of incoming energy is picked up on the 
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aerial, then the varying potential duo to the signal will be 
transferred to the grid of the valve through the condenser C. 
A negative pulse will cause the valve to function at a point on 
the curve to the left of the point P, while a positive pulse will 
cause the valve to function at a point on the curve to the right 
of P and increase the grid current by drawing more electrons to 
the grid. This increase in the grid current ig will cause an 
increase in the value of the potential i^. This means that 
the grid potential value of (6 — is reduced, causing a 
corresponding decrease in the value of the plate current, and 
producing signals in the telephones T. As soon as the extra 
charge on the grid, due to the positive pulse from the incoming 
signal, has leaked away through the high resistance R, the grid 
returns to its normal potential (6 — ^^R), i-e. the valve returns 
to the point P on the curve in Pig. 13. 

Por spark signals the resistance should be of such a value 
that the above action takes place during the interval between 
sparks. The value of the condenser C must be such that it is 
larger than the capacity of the valve itself, as otherwise oscillat> 
ing potentials due to the incoming signals will not be transferred 
to the valve grid with full effect. If C is too large, then the 
effect produced on the grid by the oscillating potential due 
to the incoming signal will be small, because this oscillating 
potential would have but a small effect in the way of changing 
the potential of a large capacity. 

The actual size of this condenser is dependent on the fre- 
quency and the amplitude of the incoming signal. Por normal 
working 300-400 crus, capacity is suitable. 

The value of the grid leak resistance R is dependent on the 
condenser C. The important point is that the reactance of the 


condenser C, i.e. frequency (w) of the incoming 

signal, should be small in comparison with the resistance R, 
in v^ich case the high-frequency oscillating currents will flow 
to the valve through the condenser C, and not leak away 
through the resistance R. 

The usual value of R is 2 to 3 megohms, but this value is, 
in general practice, not a oritLcal quantity. 

Valve as a High-frequency Amplifier. — Suppose the 
valve whose characteristic is shown in Kg. 13 works under 
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conditions represented by the point C. Tlieii any inereawt or 
decrease in the grid volts would show a large clunige in tht^ 
value of the plate current, but as the amount of positive change 
would equal the amount of negative change, the mean value of 
the plate current would not alter. The oscillations in the plate 
circuit would, however, be greater in amplitinh* than thost* on 
the grid, and would be in synchronism with those linpn*ss«*<] 
on it. 

Under these conditions the valve acts as a high frequem\\' 
amplifier, and the amplification factor of the valvt^ is a nu'asurt* 
of the increase in amplitude of osoillatioit. 

Valve as a Low-frequency Amplifier. This is the most 
common use of a valve. A typical circuit is shown in Kig. 17. 

In this case the gritl of the valve 
is connected to the setsondary of an 
intervalve transformer. Tht‘ primary of 
the intervalve transformer is conn(‘et<‘<l 
to a means of current rectification (<le- 
tector valve or crystal), (jomj)aiv this 
with high-frequency amplifieatitm. 

It has already been shown that the 
valve acts in such a way that at any point other than the 
detector acting parts of the characteristic curve, i.e. at points 
other than at the bends of the curve, it follows all finctnating 
changes of potential at any frequency and in syiuthronism witli 
that frequency. Moreover, there is an amplification on the 
initial voltage applied to the transformer primiuy thrt^ugh the 
ratio of the windings of the transformer. '’.I'his Mtep}H‘(i-up 
voltage is applied to the grid of the valve, and j>roduet‘s a 
resultant step-up in the anode current arid in the ttdcplnme 
current. In other words, the valve acts as a relay. 

COUPLING BETWEEN VALVES. 

High-frequency Tuned Anode Coupling. — One of the 
commonest methods is shown in Pig. 18. 

The high-frequency potentials received on the grid of V^ 
axe amplified by Vj and the amplified E.M.E.’s alternate in the 
anode oirouit of Vj. If the latter (fixouit— consisting of an in- 
ductance Lj and a capacity 0i — ^is brought into resonance, 
ccmditions of m aximum current and maximum E.M.F, result 
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(see p. 12). This circuit is connected to the grid of Vg through 
a condenser C^, and thus any changes in E.M.F. in Lj Cj are 
transmitted through the condenser Cg to the grid of valve Vg. 

The size of C« must be such that its reactance value ^ 

2nirC 

is small compared with the resistance of the shunt for the 
frequency of the wave received. 

This is the most efi&cient form of H.F. coupling. 




Fig. 19. 


High-frequency Choke Coupling. — ^Another common 
method of coupling H.F. valves is by means of chokes. These 
consist of a large number of turns of high-resistance wire 
wound on a former. 

The method of connection is shown in Fig. 19. 

Incoming oscillations on to the grid of cause an alter- 
nating current ip in the plate circuit of Vj, i.e. in choke I. 

If the resistance of the choke at the frequency being received 
is R, there is a voltage drop i^R across the points XY. 

As Cl is connected to Y, then any fluctuation in voltage in 
XY is transmitted through Cj to the grid of the valve Vg. 

It is to be noted that the 
chokes have a resonance fre- 
quency to a single wave- 
length, i.e. to that incoming 
wave-length which is in I’e- 
sonance with the natural 
wave-length of the choke. 

Low-frequency Coupling 
(Transformers).. — Low-fre- 
quency coupling is most fre- 
quently carried out by means of intervalve transformers. 
A typical case is shown in Fig. 20. 
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Here is shown a detector valve Vi followed by tw(> low- 
freqnenoy amplifying valves Vg and V3, which are oowpled by 
mePT»« of the low-frequenoy transformers and Tg. 

In modem practice one endeavours to make. th<^ imi>o<lanco 
of the transformer primary equal to the internal resistance of 
the valve used in order to obtain the most efficient results per 
stage. 

Resistance Coupling. — ^A simple ctise is shown in Fig. 21. 

Here again is shown a detector valve V, and two low- 

frequency amplifying valves, 
V3 and V;,. Iti iind H.y are 
resistances of about I to 2 
megohms for normnl H.K. 
valves, and 2 to 2 megohms 
for high voltage fae.tor valves, 
while »'! and arc about 3 i.o 5 
megohms each. 

The transference of K.M.K. 
in this case occurs in a similar way to that descirihed (in 
page 21, except that modulated unidirectional (iurront, and 
not alternating current, is being dealt with. 
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REACTION. 

Inductive Reaction. — Consider a circuit as in Fig. 22* 

It has already been demonstrated (Fig. I.*?) that the varia- 
tion in the plate circuit current is exactly synchronous with 
the fluctuations of grid potential, and 
may, or may not, be accompanied by 
a low-frequenoy pulse in the mean 
value of the plate current, dependent 
on the part of the oharaoteristic curve 
on which the valve functions. 

If a coil R, in which the plate current 
is passing, is coupled to the aerial coil 
AB, any bsoilLations in R will induce an 
oscillating potential in AB. Thus the 
oscillations produced in the aerial by the incoming wave pass 
■through the valve, causing oscillations in the plate current. 
•I^iese oscillations fibwing through coil Jl induce additioml 
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potentials in the aerial which are synohronons with, and am- 
plify the effects due to, the incoming oscillations. 

This cod B> is called a reaction coil, and care must be taken 
that the direction of the induced oscillations from R into the 
aerial are helping the incoming oscdlations. Shoxtld they 
oppose the incoming oscillations, a total “ wipe out ” of signals 
would be the result. The use of reaction is one of the most 
usual methods of increasing signal strength. 

It should be noted that this means of reaction (inductive 
reaction) employs two dispersed fields, i.e. the field due to the 
aerial coil AB and the field due to the reaction cod R. 

Capacity Reaction. — ^The same result 
as the above may be achieved by using 
capacity reaction instead of inductive 
reaction. 

This is shown in Fig. 23. 

In this case the oscdlations in the plate 
circuit of the valve are coupled back into 
the aerial by means of the condenser Oa- 

This method of capacity reaction gives 
a very concentrated field. 

Heterodyning. — ^By this method of reception is understood 
beat reception. It is well known that a C.W. oscillation of, say, 
1000 metres wave-length, i.e. of a frequency 300,000 per second, 
cannot be followed by telephones, or by the human ear. If, 
however, a frequency of 301,000 per second, or 299,000 per 
second, be superimposed on that of 300,000, a “ beat frequency ” 
of 1000 per second is produced, which fiequenoy can be fol- 
lowed by the phones, and the resultant sound wave from the 

phone diaphragms by the human 
ear. If the difference between 
the incoming frequency and the 
superimposed frequency is too 
great, then the resultant beats 
** become inaudible, and if the 
difference becomes too small the 
resultant beats are again inaud- 
ible. The region of inaudibility 
due to the beat frequency being below the audible range is 
called the " silent point ” or “ dead spot.” 
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The phenomenon of beat reception ia illustrated in Fig. 24. 

XY represents a steady incoming oscillation, while MN 
represents the change in frequency of the aupt'rimposed oscil- 
lation. 

The shaded areas A, B, 0, D, C*, D* represent the 

areas of audibility of the beats. O is the silent jH)int. 

Local Oscillator. — ^The beat method of producing super- 
imposed oscillation is by means of a local valve oscillator. 

This local oscillator (L.O.) is shown in Fig. 25. It oonsists 
of a valve whose grid and plate circ\uta are. coupled in such a 
way that the valve oscillates. ArrangemontH arc made, eitlu'r 
in the grid or plate circuit of this valve, for tuning. In the case 
illustrated below, a condenser is placed in the grid circuit. 
The incoming continuous wave signals arc received on the awu'ial 



system, with which they are in tune. Then the local oscillator 
is coupled to the aerial system and slightly mistuned from the 
incoming waves. The resultant beats between the frequency 
of the incoming waves and the frequency of the local f)Scillator 
are rectified by the valve in the receiver, and the signal is 
received in the telephones, the frequency of the note heard in 
the phones being equal to the difierence in the frequency of the 
local oscillator and the frequency of the incoming signal. 

In this way a very weak incoming signal can bo considerably 
strengthened by the energy obtained from the local oscillator. 

'So fax incoming C.W. signals only have been considered. 
Spark signals may also be received by heterodyne methods. 
This considerably increases both the strength of the incoming 
signal and the selectivity of the receiver, the chief disadvantage 
being that the characteristic note of the spark transmitter is 
lopt. Moreover, it is to be noted ishat if spark signals are 
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received by beat or heterodyne methods of reception, there is 
no silent point. This is due to the fact that no matter how sharp 
the tuning of a spark transmitter may be, it does not radiate 
a single pure wave on one wave-length, but a number of different 
wave-lengths about a maximum value. A number of frequen- 
cies are, therefore, induced into the receiving system. 

Screening. — ^By screening is understood a method of pro- 
tecting apparatus from external electric and magnetic influences. 

In considering the screening of electrical apparatus two dis- 
tinct effects must be considered, namely, 

(а) Screening of the electrical field of the wave. 

(б) Screening of the magnetic field of the wave. 

Screens can be so arranged 
that they cut out either (a) or 
(6), or both («) and (6). 

First consider the type of 
screen suitable for cutting out 
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Fig. 26. Fio. 27. 

the electrical field of tho wave front without infiuencing the 
magnetic field. This must be such that the individual conduc- 
tors of tho screen arc open circuits. This can be achieved by 

(«) Straight insulated wires. 

(6) Open loops. 

These are shown in Fig. 26. 

This type of screen, while very effective as regards cutting 
out the electric field, has practically no effect on the magnetic 
field. 

If a type of screen of this natme could be employed for 
screening in D.F, work, a means would be available of either 
cutting out or at least reducing the vertical effect (see pp. 41-46) 
in the receiver. This would considerably sharpen up the minim a 
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obtained. This type of open loop screen for a single frame 
may be in the form shown in Fig. 27. 

Here the wires of the loop are wotmd inside a metallic 
envelope and carefully insulated from it. A gap is introduced 
into the screen as shown. 

If this gap is open even a small fraction of an inch, then 
signals are obtained on outside stations and the minima are 
very sharp, showing the absence of “ direct vertical ” effect. 
If, however, the loop is closed, then no signals are obtained, 
indicating total screening both of the electric and magnetic 
fields of the incoming wave. 

To screen an instrument from tho mfignetio Jirld withoiit 
infiuencing the electric field, the following method may be 
adopted : — 
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Imagine a system of closed elongated loops a, b, c, tf, n, as 
shown in Fig. 28, arranged in such a way that there is no con- 
tinuity in the direction of the electric field. Then tho currents 
induced in these loops will be in tho directions indicated by the 
arrows. It is to be noted that the currents in the adjacent 
horizontal portions will have opposing effects at points not close 
to them. The effective currents will be those in tho boundary 
conductors. 

To screen from the magnetic field it is essential to have 
closed conducting paths surrounding the apparattis to be 
screened. Any path, however, only screens from that com- 
ponent of the magnetic field which is perpendicular to its plane. 
Thus, totally to screen apparatus there should be three con- 
ducting paths at right angles to one another. This is accom- 
plished by having a box with all sides and the top and the 
bottom of metal, and the top and bottom must make good 
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electrical contact with the sides. If the box is open at the top 
or at one side, it will only screen efficiently from those mag- 
netic fields which are perpendicular to the open face. 

If controls are introduced into the box by means of small 
holes through the metal screen, parts situated inside the screen 
will not be appreciably affected by the holes. 

It must be remembered that it is extremely difficult to 
produce a perfect screen. The smallest gaps allow energy 
to penetrate the screen. On the other hand, ordinary wire 
netting of 2-in. mesh will prevent 90 per cent, of energy from 
going through the screen. 
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CHAPTER HI. 

PRINdiPLES OF DIRKOTION FIEOINtS. 

An Oscillating^ Circuit. — ^Before the principles of direc- 
tion jBnding can be understood, the sttidcnt must have a clear 
idea of what is meant by a wireless wave, Iiow this is generati‘(l, 
how it leaves the transmitting aerial, how it psisses over tht^ 
intervening medium to the receiver, and how it is actually 
received. 

To take a simple example of how tlio wave is gent‘rate<l, 
consider a simple oscillating circuit consisting of an in<luctance 

(L) and a capacity (C) supi)lied 
by a H.T. supply, and having a 
spark gap (S.G.) in aeries with 
the inductance and capacity. 

The cycle of the oscillations 
is ilhistratod in Pig. 2S). The 
H.T. supply charges tip the 
condenser C until the spark gap 
S.G. breaks down. Before this 
occurs, all the energy is stored 
in the condenser in the form of 
electrostatic energy equivalent 
to ItCV®, whore 0 capacity 
of condenser in farads and 
V — pressure in volts to which the condenser is charged (aoo 
p. 9). Soon after the condenser breaks down, the condition 
is as shown in (6), where the energy becomes linked with the 
inductance in the form of lines of electromagnetic force. The 
energy has now been converted into electromagnetic energy 
and is equal to JLi®, where L = inductance in henries and 
i == current in amperes through the inductance (see p. 11). 

In the third position of the cycle, the condenser C becomes 
charged in the opposite direction, as indicated in Fig. 29o, 
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Here again, the energy is electrostatic, but the charge is opposite 
to that in Fig. 29a. 

Finally, the cycle is completed as in Fig. 29d. Here it is 
again electromagnetic energy, but with the reversed sign com- 
pared with Fig. 29b. 

The frequency of repetition of these cycles is dependent on 
the values of the inductance and capacity in the circuit. The 
time of a complete oscillation is given by 

T = 27r .^LC where L = inductance in henries. 

C = capacity in microfarads. 

T = time in seconds. 


The frequency of oscillation is % = 


1 



Fig. 30. 


When once the cycle has been started, it persists until the 
energy is exjjended in oscillations, which produce a wave train 
as in Fig. 30. 

OA is the ampliUtde of the oscillation, and is dependent on 
the initial energy. AB is a wave-length. If the wave-length 
(AB) is 600 m., the time for one complete oscillation is 5 ^, 
second. The frequency with which the condenser in Fig. 29 
is charged gives the frequency of the trains, which is usually 
about 1000 per second in commercial transmitters. 

In a carUinuotts wave transmitter the wave system produced 
can be represented as in Fig. 31. 

Here the waves are emitted in a continuous train with a 
constant amplitude, and there is no interruption in the tram 
as is the case in spark transmission. 

In I.C.W. or interrupted conUntmts toave transmission, the 
wave trains are almost identical with, those' occurring in spark 
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transmission, the only difference l>eiug that there* is no damping 
as in Eig. 30. This is illustrated in Fig. 32 for a 1500 m. wave 
with a 1000 note frequency. 



Now imagine this oscillating system coupled in some manner 
to an aerial system. Then exactly the same state t>f affairs 
exists in the aerial system, namely, that the energy is <jscillating 



between electrostatic and electromagnetic energy. Imagine the 
aerial to contain all electrostatic energy, i.e. to be charged. This 
is represented by Fig. 33. 



¥ia. 33 . 



When the aerial is charged, a system of lines of electro^taticr 
force run at right angles to the earth’s surface. 

Imagine the aerial energy to be all electromagnetic as in 
]Fig. 34. 
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Here the aerial is linked with lines of electromagnetic force 
paurallel to the earth’s surface. 

The lines of electrostatic and electromagnetic force emanate 
from all points on the aerial. 

Actually, the radiated wave consists 
of a combination of these fields, which 
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Fig. 36. 


are at right angles to one another and at 
right angles to the direction of propagaiion 
of the wave as shown in Fig. 36. 

When considering the action of the 
wave on a receiving aerial of any type, 
it is simpler and substantially correct to consider only the 
electromagnetic component. 

Consider the distribution of the fields at a distance from 
the transmitting aerial. 

The simplest form of straight wire aerial may be represented 
as in Fig. 36. 



Pig. 36. 


The loops of energy are radiated over the earth’s surface, 
gradually straightening up to a certain point. Beyond this 
point, the top of the wave falls over and leads the foot of the 
wave. This is shown diagrammatically in Fig. 37. 
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Fig. 37- 


R = Rbceivbb. 


Taking a plan of the aerial, the distribution of the magnetic 
lines of force is as in Fig. 38a- 
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These lines of force spread out and ai*e as Fig. at a 
distance from the aerial. 

The density of the lines of force ot flux density can be shown 
to be as in Fig. 39. 
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Fig. .38a. 


Fig. .38b. 


Viewing a wave-length OB, O is a point of ininituum flux, 
which flux rises to a maximum at X, and then falls to a minimuiu 
at A. Here occurs reversal in sign, and the flux density rises 

to a maximum at Y and again 
falls to a minimum at B. 

A straight win* conductor 
(a receiving aerial) placed in 
the plane of the advancing 
wave front acts as a conduc- 
tor placed in a moving tnag- 
netic field, and an K.M.F. is 
induced in the conductor. 
This E.M.F. is proportional to the iiumber of lines of force 
cutting the conductor per second. 

In the position represented by PQ (Pig. 40) the flux d(‘nsity 
is nil, and no E.M.F. is in- 
duced in the conductor. In 
position the conductor 

is in a position of maximum 
flux, and a ma>ximum E.M.F. 
wiU be induced in the con- 
ductor. Assume this direction 
of E.M.F. is positive. At I<^a. 40. 

piiQii the flux density is 

again zero, and the E.M.F. induced consequently zero. At 
piuQiii density is again maximum and the ■E.M.F. 
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indaced is maxuntun, but in the opposite direction to that 
induced at P^Q^. Finally, at the flux density and 

induced E.M.F. are again zero. 

Consequently there is induced in a vertical receiving aerial 
an E.M.F. which is in phase with the flux of the inconung wave. 
This may be represented by the sine curve OXAYB in Fig. 40. 
Moreover, it has been previously stated (p. 32) that the greater 
the flux density, i.e. the greater the number of lines of force 
cutting the aerial, the greater is the amplitude of the E.M.F. 
induced in the aerial and the greater the current. This ex- 
plains why a high vertical aerial cut by the maximum number 
of lines of force gives louder signals than a low flat aerial where 
the number of lines of force cutting it is less. 

In order to raise this E-M.F. to a maximum, the constants 
of the aerial must be suitably adjusted. Every aerial has a 
certain value of indAictance, capacity, and resistance. The latter 
comprises (a) ohmic resistance, (6) earth resistance, and (c) radia- 
tion resistance. 

With reference to item (c), it must be understood that as 
soon as an E.M.F. is induced in the aerial, the latter begins to 
radiate, so that it is necessary to take the radiation resistance 
into account. This again is a maximum for a long straight 
vertical aerial. 

Now, the E.M.F. in such a system may be represented by 

e = + (“L - 

where i = effective crirrent in amps, 
e =s effective E.M.F. in volts. 

R = resistance in o hm s. 

L = inductance in henries. 

0 = capacity in farads. 

In the position of resonance, the inductive reactance (coE) 
equals the capacity reactance 

Thus the E.M.F. 'becomes a maximum when we attain 
resonance between the incoming wave frequency and the re- 
ceiving aerial system, and the equation becomes e « iR, which 
is simply Ohln’s law (see p. 12). 

3 


and o) = 2n7r 
TT = 3-1416 
n = frequency. 
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Moreover, the smaller R is made the greater will be the value 
of the induced and consequently the louder the signals 

received. R can be made small by carefully choosing the typo 
of wire used in the circuits connected with the aci'ial system 
and by keeping all losses at a minimxim. Care should also be 
taken to ensure a good earth and so keep the earth resistance 
at a minimum. 

Loops. — Now consider a reception system such that in- 
stead of having a single vertical earthed wire, two vortical 
wires AB and CD, joined across the top by a straight wire AC 
and connected to a capacity (K) in the lower lead, are employed. 
This gives an oscillatory system as shown by Fig. 41, commonly 
termed a loop system. 
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EARTH 

FlO. 41. 

This system may be investigated in the same manner sus the 
vertical aerial system, and quite independently of the amplifica- 
tion system used in conjunction with the loop. 

By merely considering the effect of <the elcctromagnetio 
component of the wave, as hitherto, the effect on the two 
conductors AB and CD need only be dealt with ; limbs AC and 
BD may be ignored. These always lie along the plane in 
which the lines of magnetic force arrive, and In oonsequence 
no E.M.F. is induced in them. 

On the other hand, the conductors AB and CD are always 
at right angles to the lines of magnetic force, and therefore have 
an E.M.E. induced into them as though they were two vertical 
aerials. 

These limbs are not, as in the previous case of the single 
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vertical aerial, connected to earth, and the current developed 
in the loop will be dependent upon — 

(а) The E.M.F.’s induced in AB and CD, respectively, and 

(б) The directions of these two E.M.F.’s relative to one 

another. 

Conditions for Minimum Signal Strength. — ^Imagine 
this loop to rotate about a centre axis XY, and that the direction 
of propagation of the wave is as shown in Fig. 41, i.e. advancing 
out of the plane of the paper towards the reader, and that the 
frame is placed at right angles to the direction of propagation. 
Then the vertical conductors AB and CD are out by the lines 
of force at exactly the same moment. In each conductor an 
E.M.F. is induced which is in the same direction relative to the 
loop, i.e, if at any moment in AB it is downwards towards the 
earth, it is also downwards towards the earth in CD. Also, 
the magnitudes of these two E.M.F.’s are equal. Therefore, the 
E.M.F.’s in the two limbs of the frame neutralise one another 
and the effective E.M.F. in the loop is zero, and if a detecting 
device be placed across the loop no signals will be received. 

Thus it is seen that the signal strength is zero when a loop 
aerial is placed at right angles to the line joining the transmitter 
station and the loop. 

Conditions for Maximum Signal Strength. — ^Now rotate 
the plane of the loop about XY in such a way that it is at an 



angle of 90® relative to its previous position, i.e. with the plane 
of the loop in the same line as the direction of propagation of 
the wave. This is shown in Pig. 42. 
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In this case the frame is pointing in the direction of the 
transmitting station. 

In Fig. 42 a wave front coming out of the paper towards 
the reader will cut CD slightly in advance of AB. Thus the 
E.M.F. generated in CD will be always slightly ahead of that 
in AB, and the E.M.F.’s generated will be slightly out of phase 
with one another. The two E.M.P.*s will, therefore, not bo 
equal and opposite to one another as in Fig. 41. 

Thus the resultant B.M.F, in the loop will be the sum or 
difference of the E.M.F.’s generated in AB and CD, according 
to whether they are acting in the same direction or in opposite 
directions round the loop at a given instant. 

Phase Relationship of the Flux of the Incoming 
Wave and the Induced E.M.F. in Loop. — ^Now consider 

this resultant E.M.F. , both as 
regards magnitude and phase, 
in relation to the separate 
E.M.F.’s generated in the 
conductors AB and CD. 

Fig. 39 has shown how 
the flux density of the wave 
varies. 

Imagine the conductors 
AB and CD to move over 
the wave as shown in Fig. 43. 
The E.M.F. generated in 
Fig. 43. the frame is proportional to 

the flux density of the wave, 
and the E.M.F. generated in the conductors by the first half of 
the wave is of opposite sign to that generated by the second 
half. 

Thus the generated E.M.F.’s in the frame at the various 
points along the wave are shown by the verticals OP and NM, 
and the directions of the E.M.F. by the arrows at P and M. 

In position 1 the resultant E.M.F. in the frame is the 
difference (NM — OP), i.e. XM and flowing round the frame 
in the direction XM. 

In position 2 the resultant is zero ; also in position 4. 

In position 3 the resultant E.M.F. is equal to XM and is a 
maximum. 
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It is to be noted that — 

(1) When the flux density is a maximum (in positions 2 

and 4), the E.M.F. in the frame is zero. 

(2) When the flux density is zero (in position 3, i.e. 90° 

after position 2), the E.M.E. in the frame is a 
maximum. 

Thus the effective E.M.P. generated in the frame will alter- 
nate at the frequency of the incoming wave, bvi will be 90° 
out of ^hctse with the flux of the incoming uxtve. The position 
for maximum E.M.F. and maximum signal strength in a 
receiver connected to the frame occurs when the frame is 
pointing at the transmitting station. This should be carefiilly 
compared with the fact that the E.M.F. induced in a vertical 
aerial is exactly in phase toith the flux of the incoming vjave. 

That is, the E.M.FJ’s generated in a vertical aerial and a loop 
aerial placed side by side and cut by the same wave are exactly 
90° out of phase with one another. 

Polar Diagrams (General Principles). — ^These form an 
exceptionally convenient method of visualising effects both of 
transmission and reception. 

To take a simple case, imagine a transmitter sending with 
constant signal strength at a point O, and a means of measuring 
the received signal strength, 
e.g. a receiver and a MouUin 
voltmeter. Then, if the signal 
strength is measured at every 
30° around the aerial, and the 
value of this measmed strength 
set out along straight lines 
radiating from a point, the 
resultant curve may take the 
shape such as shown in Fig. 44. 

This curve then shows the 
intensity of the received or 
transmitted signals at any 
point. 

Thus OX indicates both {a) direction of signal and {b) inten- 
sity of signal. 

Summation of Polar Diagrams. — ^To And the resultant 
effect of two polars, proceed as follows : — 
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Imagine a cii’oular polai* OP, Pi, Pa, etc. (Pig. •i.'V), whicli is 
aHsumed to be negative in sign and a polar OQi, Qa, etc., of 
opposite (positive) sign sujMjrimposctl uiM)n it. 

To find the I'eaultant olfeot take a nuinbcu* of radii from O 
to the polar OP, Pj, Pa, oto. Let those ent the polar O, P,, P^, 
Pa, etc., and the polar OQi, Qa, etc., at points Qi, Qa, Qa, etes. 

Now in the direction OPj the res\iltant is — OI*, (since the 
sign of OPi, Pa, etc., is negative). 

In the direction OP the resultant is — OP - 4 - OQ which, 
being of equal value, gives a value zero, i.e. point O. 

In the direction OPa similarly (— OPg + OQg -- say OTtg). 

,, ,, OP 3 ,, ( OP 3 -f- Oeja ■■= say Oita). 




Fio. 45. 


leo* 

Fio. 46. 


The result of taking a large number of radii is the completed 
polar Pi, Ra, R 3 , R 4 , etc., which is the resultant effect of super- 
imposing the two polars on one another. 

Polar of a Vertical Aerial. — A vertical transmitting or 
receiving aerial has a polar as in F^. 46, that is to say, the 
polar curve of a vertical aerial is a system of concentric circles 
with their centres at the aerial. 

Polar of a Frame or Loop Aerial. — ^This can best IBe 
understood by considering the E.M.F- generated in a frame 
by a wave coming in a constant direction, and by rotating the 
frame about a vertical axis. 

Imaguie a plan of the frame shown in Pig. 41 and a wave 
front cutting it as shown in Pig. 47. 
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It has previously been shown that in the position AB the 
frame is out by a maximum number of lines of magnetic force, 
and a maximum E.M.F. is therefore generated in it. This is 
the position illustrated in Fig. 41. It was also shown that in 
position A^B^, where the frame is in the direction of the lines 
of force, and no lines of force cutting it, the E.M.P. generated 
in the frame is zero. Now consider the intermediate positions 
A®B®, A®B*, A®B*, etc. In position A®B® the E.M.F. generated 
is obviously less than in the position AB, but greater than in 
the position A^B^, as fewer lines of force out the frame at 
position A®B® than at position AB, and more than at position 
A^BL 


UINES OF 
FORCE 


PHASE changing 
POSITION 



I 

I 


I 
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In position there are less lines cutting the frame than 

at the position but more than at A^B^, so that the 

generated, is less than at position A^B^, but greater than at 
position A^B^, i.e. greater than zero. 

Now consider position A^B^. Here the same number of 
lines pass through the frame as in position A^B^, since angle 
A^OA^ = angle A^OB^, and consequently an E.M.F. of the 
same magnitude is generated in the two positions. There is, 
however, an important difference. 

In the position A®B® the lines of force cut the conductor A^ 
before they cut B^, and produce an E.M.F. in o^e direction, 
while at the position A^B* the lines of force cut the conductor 
B^ before A^, and produce the E.M.F. m exactly the opposite 
direction. 
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Thus is seen the very imryorUmt fact that in passing through 
zero position the phase of the E.M.F. generated in the frame 
has changed 180°. 

Polar of a Frame Aerial (Figure Eight Polar). — ^Tho 
resultant polar of this frame aerial assumes a shapo similar to 
that shown in Pig. 48. This is commonly called the figure 
eight polar. 

The reader is strongly recommended to make himself 
thoroughly familiar with this curve, as it is on this that tlie 
whole science of the single rotating frame lJirt>ction h^'indcr is 
based. 


MAXltVtUM 



The curve demonstrates the following important facts : — 

(1) On rotating a frame aerial through 360“ on a given 

incoming wave front, there are two positions of mini- 
mum or zero signal strength, and two positions of 
maximum signal strength. 

(2) The positions of zero signal strength are exactly 180° 

apart. One zero is called the “ reciprocal ” of the 
other. 

(3) The positions of maximum signal strength are exactly 

180° apart. One maximum is called the ” reciprocal ” 
of the other. 

(4) The rate of change of signal strength in going through 

the zero position is much more rapid than when going 
through the maximum position, and consequently a 
system based on reading zero sigzuds— -in preference 
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to maxiaium signals — ^is more sensitive to the eax, and 
“ swing bearings ” can be taken on a much smaller 
arc than in a “ maximum ” system. 

(5) In going through the position of zero signals, the phase 
of the E.M.F. generated in the frame changes 180°. 

Rffect of Rarthing a Frame Aerial (Frame Vertical 
RfTect). — ^Fig. 41 showed that when a frame aerial is insulated 
from earth, an E.M.F. is generated in each conductor (or system 
of conductors) AB and CD. In the position depicted the two 
E.M.F.’s each travel aroimd the frame in opposite directions 
and cancel one another. 


OinECTION OP 



Now consider Fig. 49. Here the frame is earthed. This is 
a condition always present in a D.F. receiving system because, 
even if the frame is not directly earthed, the amplifying system 
connected to the frame is either earthed directly on the negative 
terminal of the low-tension battery, or else the capacity of the 
battery S 3 rstem to earth forms an earthing path for the current 
generateid in the frame. 

Now the two component E.M.F.’s in conductors AB and 
CD both pass to earth. If a receiver (R) be inserted in the 
earth lead, signals can be detected. In this position the signals 
received are due to the frame acting as two vertical aerials AB 
and CD joined through the receiver R to earth. This effect is 
a maTriTwiTm in the zero position of the frame. Moreover, this 
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effect varies witli the angle hetwoou the plant* of iht* fraint^ and 
the direction of travel of tho wave front, ('onsidor tint other 
extixiino case, i.c. where niaxiniuin signals occur on the frame 
as in Pig. 42. In this case tho coini>oneuts of E.M.P. induced 
in the system of conductors AB and CD ai*e such that they acit 
together in the same direction around the frame. I'lnis the ver- 
tical effect due to the frame itself is a mini mn nr when tho frtimo 
reception is a maximum. 

In other words, the polar of the vertical effect due to the. 
frame itself is an effect capable of rotation, and is a maximum 
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when the frame is in the zero position for incoming signals, 
and vice versa. Thus the true polar of the frame is not 
exactly as shown in Pig. 48, but as shown in Pig. 50. 

Direct Vertical Bffects. — Moreover, considering the whole 
system from the frame windings themselves right through to 
the telephones, there are additional effects to be taken into 
consideration. 

Usually, from the frame windings to the receiver there is a 
system of wires which does not rotate. These wires are screened 
and the scareen earthed. Also, there is a certain amount of 
enmrgy which is picked up in the receiver, and even in the 
telephone leads. 
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All these various conductors, which are essential to the D.F. 
system, are liable to pick up direct energy from the incoming 
wave. To minimise this direct pick-up of energy as much as 
possible, elaborate screening of the leads from the frame wind- 
ings to the receiver, and of all the components of the receiver 
itself, are resorted to, but despite all precautions it is almost 
impossible to avoid energy getting directly into the set. This 
produces yet another polar which, however, is not capable of 
rotation as the one shown in Fig. 60, but is simply a circular 
polar. Thus the complete polar diagram of a frame system is 
as shown in Fig. 61. 

MIN I 

* POLAR DUS TO VERTICAL 
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It should be noted that the further the frame windings are 
from the receiving system the more will the installation be 
liable to the direct vertical effect, and the greater will be the 
screening precautions necessary to minimise this effect. 

Summation of Vertical Effects. — ^There are, as previously 
shown, two vertical effects to consider : — 

(1) That due to the properties of any frame system. This 

effect is capable of rotation. 

(2) That due to the direct pick-up of energy in the receiving 

system, other than the actual energy received in the 
frame. This vertical effect is not capable of rotation. 

If these two vertical effects are superimposed on one another, 
results are as shown in Fig. 62. 
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Figs. 52b and 52c are the resultant polars of Fig. 52a 
dependent upon the i>haso of the direct vertical relative to the 
phase of the frame vertical. 


^MIN 



Fio. r>2A. 



Added Vertical Effect. — ^It is to bo noted that Hueh a 
polar (i.e. one consisting of a positive and negative eflect) is 
not an easy one to work with, especially if one ultimately 
wishes to work with relative phases. To do this, the small 
circles marked — in Fig. 62b, and + in Fig. 52c, xnust be 
entirely eliminated. Imagine this to be done by iixtroducing 
an equal and opposite vertical into the sot, thus obtaining 
polars as shown in Figs. 53a and 53b. 



SUPKRIMPOAKD 



-rOTAl- RKSUCTANT 
V«|i3kTlC/kL. 

Fig. 53ja. 


In a system in Which the polar corresponds either to Fig. 63a 
or Fig. 63b, the induced B.M.F. due to the vertical is either 
entirely positive or entirely negative. This is easier to work 
■vWth, end can be used when it is desired to work purely with 
phases. 
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Result of Vertical Effects on Bearings. — ^lu the ideal 
case of a frame in which there is absolutely no vertical, the 
result is as shown in Fig. 54. 

There are two minima X and Y exactly opposite one another, 
i.e. at 180® apart, and one bearing would be the exact reciprocal 
of the other. 

With added xmoorrected vertical effect the minima occur 
at and Y^, which are not exactly 180° apart. Depending 
on the details of the installation, the angular displacement of 
X^ and Y^ from their true positions may be anything up to 20°. 



The average displacement in practice is 2° or 3°. The maxima 
are unequal in strength. 

Also, the “ angle of swing ” around the zero position is broad. 

Result of Compensated Vertical Effect on Bearings. 
— Consider the effect of the compensated vertical on bearings. 
In this case the resultant polar of the two vertical effects is 
shown in Figs. 65a and 55b superimposed on the true frame 
polar. It will be observed that there is a true and sharp 
■minirmiTn either in the true direction or in the reciprocal 
position to the true direction depending on the phase of the 
compensated vertical polar relative to the frame polar. Com- 
plementary with this true and sharp minimum there also occurs 
a false and woolly minimum. This false minimum is ignored, 
■and t];u3S by using a comp^O^Ated vertical effect one can obtain — 
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(1) A sharp minimxim. 

(2) A true direction luinimtiiii. 

This result should bo compared with that shown in Fig. 54 
where, owing to a vertical eifoot which is not compensattid for, 
minima are obtained which are neither true, nor accurate, nor 




sharp. In many oases where the vertical effect is not com- 
pensated for a very large angle of swing, e.g. 40®-60°, may be 
required to obtain a bearing. 

Detennination of Sense ” or True Direction. — If 
a bearing on a station is given as 20*’, this implies that the 
station is on a line 20° east of true north. This is exactly the 
sazne line of bearing as 180° + 20° =* 200°. Thus, if a bearing 
is taken on an untoaown ship, an ambiguity would arise as to 
whether the unknown ship were 20° cm the starboard bow or' 
, 20^ cm the port quarter, assuming the ship’s head to be pointing 
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due north. In foggy weather, when there is a danger of collision, 
it is vital to know the true direction of the unknown ship. 

This determination of the true direction (20° in 
the above example) is what is known as the deter- 
mination of 1r^be direction or “ sense ” of a bearing. 

To Determine the ** Sense ** or True Direc- 
tion (Heart-shaped Diagram). — From the polar 
curve of a frame aerial it is possible to obtain two 
maxima and two minima on any bearing, and 
under ideal conditions each maxima and minima is 
separated by 180° from the other corresponding 
point. 

Consider the case represented in Figs. 67a and 
67b. Here the frame AC is in the plane joining the 
positions of the transmitter and the receiver, i.e. in the position 
of maximum signals. 



Fia. 67 a. Fig. 67b. 


This gives the figure eight polar, of which one-half is positive 
and the other half negative {vide Fig. 48). 

Now consider a second polar from a vertical aerial super- 
imposed upon this figure eight diagram as indicated in Fig. 67a. 
This second polar is assumed to be positive in sign. The resul- 
tant polar is as shown dotted. 

If the vertical aerial polar is negative in sign, the resultant 
polar is as shown in Fig. 67b. 

By this arrangement the <me dwection or “ sense ” of the 
transmitting station is obtained. 
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Fig. 57a represents the superimposition of the polar curves 
working on maximum signals, while Fig. 57b gives the result 
working on minimum signals. 

As the ear is more sensitive to minimum signals than to 
maximum signals, it is best to work on the conditions illustrated 
in Fig. 57b, Tliis type of diagram is commonly called the 
heMrt-shaped diagram or cardiac diagram. 

Conditions for obtaining Sense or True Direc- 
tion,— The conditions which must be fulfilled for the deter- 
mination of sense ” or true direction are — 

(1) The frame must point in the direction of the transmitting 

station, i.e, it must be in the position of maximum 
signals. 

(2) The currents in the frame aerial and vertical acuial must 

be in the same direction for one frame maximum, and 
in the opposite direction for the other frame maximum. 
This condition is fulfilled when the frame and vertical 
aerials are in tune with one another. 

(3) The amplitude of the current from tlie vertical aerial 

must equal the amplitude of the current in the frame. 
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CHAPTER IV. 

RESUME OF DIRECTION FINDING. 
DmEOTiON-finding stations may be classed under two headings — 

(a) Directional transmitters. 

(b) „ receivers. 

In marine work (6) may be further classed under the head- 
ings — 

(1) Shore stations which give ships their bearings. 

(2) Ship H.E. sets which take bearings on known ship or 

shore stations. 

Advantages and Disadvantages of Transmitting D.F. 
Stations : — 

Stations of this type possess the advantage that any 
number of receiving stations (which need not be of a special 
D.F. nature) can receive bearings at the same time. The 
drawbacks of stations of this type are : — 

(1) They must be almost continuously transmitting to be of 

value, and they consequently cause jamming. The 
ether is already overcrowded in waters where D.F. is 
most essential. 

(2) The accuracy of bearings from stations of this type is 

not great enough to be of use to the navigator except 
at very short ranges. 

Advantages and Disadvantages of Shore D.F. 
Stations : — 

D.F. receiving stations on shore are exceptionally useful 
and of considerable use to navigators. They have the following 
important advantages : — 

(1) They can be installed with the utmost care and accur- 

ately calibrated. 

(2) They are always working under ideal conditions of re- 

ception. 


4 
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Their chief drawbaolcs ai*e ; — 

(1) They cannot deal with more than one shi}) at a time, 

although a number of ships may require boaringH from 
a coastal D.F. station at once. This is especially the 
case in fog when ships require frequent information 
regarding their positions. 

(2) They are liable to coastal reflection aiitl refraction (see 

Chapter X.), 

Advantages and Disadvantages of Ship D.F. Sta- 
tions : — 

D.F. Receiving Stations on Ships . — ^^Pheso are probably 
the most useful aid to navigation. They have the following 
great advantages : — 

(1) Bearings can be taken at any time the navigator requires 

them, provided they are within D.F. range of shore 
stations or another ship whose position is known. 
This is particularly valuable in fog when the ship not 
only requires its own position, but also that of other 
ships it wishes to avoid. Further, a ship fitted with 
D.F. can not only receive an S.O.S. call, but can orient 
the position of that call, and so be a valuable aid to 
safety of life at sea. 

(2) Very great accuracy is assured provided the D.F. set is 

properly installed, calibrated, and handled. Accuracy 
to within 1° at 300 nautical miles is attainable, and 
greatest accuracy is obtainable within shorter (navi- 
gating) ranges. On a properly installed D.F. receiver 
the accuracy should be at least within 0'5® at 60-60 
miles on a nomxal coast station, and this accuracy 
should increase with decreasing distance between the 
transmitter and the D.F. set. It should be clearly 
understood that a D.F. set is, under normal conditions, 
a precision instrument, and, if properly installed and 
used, is correspondingly accurate. Should there be 
discrepancies between bearings obtained by W/T and 
other methods respectively, those obtained by W/T 
are more likely to be accurate — subject always to 
“ night effect ” errors, the presence of which can be 
detected. 

The only real check on the accuracy of a D.F. set 
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is by means of vistuil observations, carried out in day- 
time. Experience bas shown that errors wrongfully 
alleged to be inherent in the D.F. system, have been 
due to : — 

(a) Poor observations (parallax errors in reading) ; (5) 
personal errors of the observer ; (c) inexperience 
on the part of the visual observer ; and (c2) in- 
accurate methods of observation. 

With reference to (d), this is particularly the case 
in checking bearings on a D.F. set against visual 
bearings, using a magnetic compass fitted with an 
azimuth on a rolling ship. It frequently happens, 
owing to the rolling ship and the inertia of the com- 
pass card, that the compass is much slower in 
following a change in the ship’s course than the 
D.F. set, and errors of 0*6°-l'0“ can easily arise in 
this naanner. 

The following may be considered as the disadvantages of 
this system 

(1) Conditions at sea are not always ideal for the taking of 

bearings ; in fact, ideal conations are of rare occur- 
rence. 

(2) Lack of liaison between the navigators and the W/T 

operators. This can only be remedied by close co- 
operation between the W/T room and the Bridge. It 
seems strange that navigating ofiicers are frequently 
prone to place greater reliance on a shore D.F., where 
the personnel is an unknown factor, than on the set 
and personnel rmder their own control. 

It should be remembered that under any of the above sys- 
tems — whether they be D.F. transmission or reception systems — 
there is always the drawback of “ night effect ” (see Chapter X.). 
If, however, the type of D.F. set installed will indicate the 
presence of “ night effect ” on bearings, then the operator is 
always in a position to know whether the bearings may be 
considered as reliable or otherwise (see Chapter TV., p. 72). 

Directional Transmission. — One of the oldest types of 
directional transmitter was the Tel^unken Comjoaas, now 
obsolete. 

This consisted originally of thirty-two aerials arranged in a 
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circle around a central transuuttiug plant. Kach aerial corre- 
sponded to a j>oint in the nxagnotic compass. 

The transmitter was st> arrang<‘d that thti aerials weixt 
connected in turn for one second to the transmitter. 'Flius in 
32 seconds signals were sent out by 32 diffei*ent aerials, each 
representing a point on the magnetic comptvss. 

Before the rotoiy transmission commonct‘d, a warning signal 
was sent on an umbrella or non-direotional twrial. 'I’hen fol- 
lowed the rotary transmission commencing tnr the nortli-soiith 
aerial pairs, and proceeding from north to east and south. 
Ships wishing to employ this system could do so by using their 
normal ships receiving installation. The operator wtis equipped 



with a special compass stop-watch, which was so constructed 
that it made a complete circle in the same tiuut as the trans- 
mitter contacts on to the various aerials, i.e. it ran in syn- 
chronism with the transmitter rotary contacts on to the aerials. 

A ship wishing to obtain its hearing proceeded as follows : 
The operator heard the warning signal and then started his 
watch as this signal ceased. In the position of minimum signals 
the watch was stopped. The reading of the watch hand gave 
the hearing of the ship relative to the transmitting station. 
Usually this system was worked in pairs of transmitters as 
illustrated in 1^. 69. 

Bearings were taken on the transmitters A and B from the 
ddp S, and the point of intersection of these bearings gave the 
position of the ship. 
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This system has many drawbacks, the chief being : — 

(a) Difl&oulty of obtaining suitable sites for such large aerial 
' systems, and of achieving the same conditions of earth 
resistance for all aerial pairs. 



\ / 
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Pig. 59. 

(6) The impossibility of r unnin g the watches at the receiver 
end accurately in synchronism with the transmitter 
rotation period. The result was that only approxi- 
mate accmracy, i.e. within 5°-6°, could be obtained. 

This system was further elaborated for the use of German 
aircraft, ninety pairs of aerials being used. By this means 
greater accuracy was obtainable, but only within 2°-3‘’. 



Pig. 60a. Pig. 60b. 

A S 3 ^t 6 m of directional transmission using multiple aerials 
was developed by Robinson in England for use with aircraft. 
Here again the degree of accuracy is not very high. Robinson’s 
arrangement consisted of a system of aerials as represented in 
Fig. 60a, 
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Tho wave-length is a variable function and varies with 
direction. The operator tunes in to tho incoming signal anti 
observes which signals are weakest. 

The transmitter sends, say, signal A on aerial A, signal B 
on aerial B, and so on, and tho operator, say, hears the two 
minimum signals C and D. 

The receiving end is shown in Fig. 60 b. It consists of an 
aerial system (a) and a choice of earth coils (c) and {d), w'hich 
can bo alternately joined in ciremit ihroiigh switch (5) ; (c) is 
a coupling coil to (c) and (rf), and i.s connectoil to an a-mplifying 
system. When the operator hoa.rs ininimuins on signals (1 a^nd 
D from the transmitter, ho listens for by connecting switch 
(6) to coil (c) and to D by connecting switch (ft) to coil (rf). 

He adjusts the coupling coil (c) until the strengths of signals 
C and D are equal. 

Knowing the relation of the coupling of coil («) to coils (c) 
and (d), it is possible to calculate tho actual direction of mini- 
mum transmissions between C and D. 

Marconi Beam Transmitter. — ^The Marconi Comi>any 
has developed a method in which a system of I'cflootors causes 
a rotary beam to be transmitted. Such a system has been 
installed and worked at Inchkeitb. 

The system consists of two J K.W. spark transmitters 
arranged at the foci of two rotating parabolic reflectors, the 
apertures of which are 13 metres. This whole system is 
caused to rotate meohanioally once in two minutes, so that a 
ship flitted with a suitable receiver comes into tho lino of maxi- 
mum signals once a minute. 

Automatic transmission is used, and Morse letters are sent 
out as either reflector faces a speoiflo direction. A bearing is 
taken as follows : — 

The operator, or navigating offloer, taking tho bearing, listens 
in on the special receiver, and after a few seconds hears a faint 
Morse signal, then a louder signal, and still a louder one, followed 
by two sisals getting fainter in strength. Then, by deoreasing 
the sensitivity of the receiver, he ■" brackets ” the sigdala-till he 
hears only three signals, the centre one being the loud^t. This 
signal is read, and as a definite Morse letter represents a speoiflo 
direction relative to true north, it is possible to read the beaming 
of the ship relative to Inohkeith. 
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The beam is so narrow that on maximum signal strength 
at the receiving station the direction can be deteirmined with 
fak accuracy. The advantages of this system are : — 

(а) Freedom from interference by other W/T stations ; and 

(б) freedom from atmospherics owing to the short wave- 

length employed. 

The disadvantage of the system lies in the fact that only 
short waves of about 6*3 metres can be used, because the re- 
flector screens must be of the same order as the waves trans- 
mitted, and the system is therefore limited by the size of the 
screen reflectors which can be conveniently built. 

The range of this system is very limited (up to about 10 
miles). 

At the receiving ship two separate aerials are necessary, 
one on the port side and the other on the starboard side, as the 
waves are deflected by the metal mass of the ship. 

A detailed description of the apparatus employed at Inch- 
keith station using this system was published in the “ Wireless 
World ” of 26th March, 1925. 

Directional Receiver Systems. — ^D.F. receivers may be 
divided into two main types : — 

(1) Ttoo-frame systems. 

(2) Single rotary-frame systems. 

In the first category falls the well-known Bellini-Tosi S 3 rBtem 
which has been very fully developed by the Marconi Company, 
and is known as the Marconi-JBeHUni-Tosi system (M.B.T.). It 
works on positions of minimum signals, i.e. the direction from 
which minimum signals are received in the receiver is the direc- 
tion of the incoming wave. 

In this category is also included the Bobinson or CranweU 
system, which was developed essentially for use in aircraft. 
This system works on positions of maximum signals. 

In the second category fall the following : — 

The Kolst&r and Dunmore system (used chiefly in the United 
States), the BMini system, and the Siemens system, 
aU of which work on “ minimum ” signals. 

Comparison between Maximum and Minimum 
Methods of D.F. Reception. — Consider a coil as in Fig. 61. 

If the axis XOY represents the direction of the incoming 
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signal) MON tho frame, rotating on the axis O, and 0 the 
angle which the frame makes with the dirtJCtion of the incoming 
wave-front, then the energy induced into the fraim? is repn*- 
sented by 

OP = OM cow e ; 

or, if e is the energy induced in the coil, then 

e = B coa 6, 

where E is a constant dependent on tho dimensions of the coil. 

Thus, in tlu*. position of 
maximum signals, the variation 
of th«‘ energy is proportional 
tho cosine, of the angle betwe<‘n 
the frame and the <lireetion of 
the incoming wave. 

In the position of minimum 
signals, the variation of signal 
strength is proportional to sin 0. 

Now, tho sine of a.n angle 
changes rapidly near 0®, while 
the cosine changes slowly through 
0”, so that a small movement 
on the minimum method gives a 
big change in signal strength compared with a corresponding 
change on the maximum method. This makes tho minimum 
method more sensitive for taking bearings than tho maximum 
method. 

The maximum method has, however, the following advan- 
tages : — 

(1) Signals can be read whilst the bearing is being taken. 

(2) Greater ranges can be worked. 

(3) Extraneous noises do not interfere so much with the 

taking of bearings. 

tJnder suitable conditions, i.e. where interference from 
external noises is not important, the minimum system is 
of advantage. 

In aircraft, on the other hand, where the engine noises are 
very loud, a maximum system can be used with advantage. 

Two Coil System (M.B.T.). — ^This system consists of two 
aerials at right ' angles to one another. Eew ship work, one 
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aerial is arranged on the fore and aft line of the ship, and the 
other athwart ship. As the ship itself acts as an aerial, it is 
arranged that the area of the fore and aft aerial is less than that 
of the athwart ship aerial. 

These aerials are fixed and calibrated. They are led into 
an instrument comprising two coils, which may be looked upon 
as the duplicate of the large outside 
aerials, and produce fields proportional 
to the energy Induced by the incoming 
wave on the outside aerials. 

Rotating inside these coils is a third 
coil called the search coil. This portion 
of the receiver, consisting of the- coup- 
ling coils and the search coil, is called 
the radiogoniometer. 

A diagrammatic illustration of this 
system is given in Fig. 62 . 

The aerials on ship work are aperi- 
odic (i.e. not tuned). On land installa- 
tions, especially for long range work, 
the aerials are frequently tuned to the incoming signal. 

Imagine an incident wave to fall upon an aerial system such 
as shown in Fig. 63a. 



Fio. 62. 

F.A. = Fore and aft aerial. 
A.S. = Athwart ships „ 

S. = Search coil. 

C. = Tuning condenser. 



Y 



Fio. 63b. 


The currents induced in aerial FA will depend upon cos 
and the magnetic field set up by these oiurents will ateo vary 
as cos d^. This field will act along the axis of FA, i.e. along AS. 

Also, the magnetic field set up by the currents induced in 
aerial AS will be proportional to cos sin dj), and this will 
be at right a>ngles to AS, i.e. in direction FA. 
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These magnetic fields are shown in Fig. 63 b, the resultant 
field being YM. 

It is seen that the position for maximum signals is at right 
angles to the direction of the incoming wave front. In actual 
practice the set is made to work on the position of minimum 
signals. Usually, one works by matching the strength of signals 
on either side of the minimum position. The angle of swing on 
good bearings on ship installations is between 20° and 30°. 

In the older types of M.B.T. sets, the athwart ship aerial 
usually consisted of a single loop whose area was about 120 
sq_. ft. The fore and aft aerial was of smaller area. 

In the later pattern the single outside fixed loops have been 
replaced by a fixed framework consisting of two sets of loops 
at right angles to one another. These loops have about five 
trurns each, and are so situated that the loop bases are about 
4 ft. from the deck. 

The loops are approximately 8 ft. high and ft. square. 

To obtain equal range to that given by installations employ- 
ing a large aerial, an additional amplifying valve has been 
added to the receiver. 

Robinson or Cranwell System. — This is essentially a 
system designed for use with aircraft. 

Owing to extraneous noises of engines, etc., it is a very 
difficult matter to receive on minimum signals. This is duo to 
the fact that on minimum signals bearings are, as a rule, deter- 
mined by matching signal strength on either side of a minimum. 
If noises or jamming occur, or these noises are at all directional 
relative to the frame, it is almost impossible to take an accurate 
bearing by matching signal strength on either side of a minimum. 
Moreover, in aircraft it is frequently essential to read the signal 
at the same time as the bearing is taken. 

In the Robinson system, use is made of two frames at right 
angles to one another. These frames — ^usually called the main 
and avaailiary frames — are rotatable together, i.e. always at 90° 
relative to one another, about a central axis. 

The general idea of the system may be gathered ffom 
Fig. 64. 

Method of Working. — ^The method used is to get the main 
coil M in series with the balancing coil E roughly into the posi- 
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tion of maximum signal strength. The auxiliary coil A is then 
brought into action by means of the changeover switch X. 

Imagine the main coil M not to be exactly in the plane of 
the incoming signal ; then the auxiliary coil A will not be 
exactly at right angles to the direction of the incoming signal, 
and will consequently pick up a certain amount of energy. 
This auxiliary coil A is so connected up that by means of a 
reversing switch Y, the energy induced in A by the incoming 
wave is made to help that induced in M in one direction and so 
strengthen signals, and to oppose that in M in the other direc- 
tion, and so weaken signals. Thus, if coil A picks up any 



M represents the main coil. ) These coils rotate together about the 

A „ ,, auxiliary coil. j common axis O. 

E „ „ balancing coil of the same inductance value as M. 

X and y are change-over switches. 

X is for the purpose of switching either the auxiliary coil A or the balancing 
coil E in series with the main coil M. 

energy, i.e. if coil M is not pointing towards the transmitting 
station, any reversal of switch Y wiU affect the strength of 
signals received. If reversing the switch Y produces no change 
in signal strength in the amplifier, then the axixiliary coil A is 
at right angles to the direction of the incoming signal, and the 
coil M is in the plane of the incoming signal, and the bearing of 
M is the bearing of the transmitting station. 

Theory of Robinson System. — ^Let AAj and BBj be the 
two fixed coils at right angles to one another and capable of 
rotation about 0, as shown in Mg. 66. If OP be the dicection 
of the incident wave, forming an angle with cofl AAj, then ^e 
E.M.P.’s induced in the coils are : — 
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Bi = Ej cos 6, 
fig = Ea sin d, 

where E^ and Ea are constants depending on the dimensions of 
the coils. Only portions of these E.M.F.’s and e^, say, ki 
and ki, reach the amplifier. 

If 63 = resultant E.M.E. in receiver, 

then 63 = AijEi cos 6 -f- * 2^32 

The rate of variation of Cg with respect to 6 is given by 

f/p 

sin 6 — AgEa cos 0. 


For small values of d, this quantity becomes approximately 

— AigEa cos 6. 

The amplitude of this variation can 
be adjusted by fixing a suitable value 
for & 2 E 2 . i-e- from the cjonstant.^ of the 
auxiliary coil and the coupling. Thus the 
E.M.F. introduced by switching in the 
auxiliary coil can be chosen at any con- 
venient value. 
k E 

Also, the ratio depends on the number of turns in each 

coil multiplied by ite area, and on the fraction of this E.M.F. 
which is effective in the receiver. The E.M.F. produced in the 
receiver is dependent on the area turns of the coil. Hence it 
is advisable to increase the area turns as much as possible. 
This, however, is limited by the following factors ; — 



( 1 ) Self -inductance of the coils. 

( 2 ) Self-cap^ity of the coils. 


To minimise these two factors, the coils are wound so that there 
is a spacing of about 1 in. between turns. 

It is usual in practice to wind the auxiliary coil Vith a 
bigger value than the main coil in the ratio of about 4:1. 

It is obvious from a study of this method that an ambiguity 
of 90** may occur. This may be due to imagining that the 
main coil was in the position of maximum signal strength, 
when In reality the auxiliary coil was in that position, and the 
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reversal was due to the enex’gy in the main coil aJffecting that 
in the auxiliary coil. 

This chance of ambiguity is entirely eliminated m the latest 
pattern in the following way : — 

There are obviously two positions where the main coil 
E.M.F.’s will equal those of the auxiliary coil, so that on a 
reversal one would obtain zero signals. These positions will 
be on either side of the true maximum position 
of the main coil. 

In positions XX^ and YY^ (Fig. 66) the signal 
strength would be zero. 

In the newer types of set the changeover 
switch X and the balancing coil E (Fig. 64) are 
eliminated. The main and auxiliary coils M 
and A are rotated together, and are continu- 
ously in circuit. While the coils are being ro- 
tated, the switch Y is operated and the two 
positions of weakest signals noted. 

The mean of these two positions gives the direction of the 
incoming wave. It will be noted that in this position the main 
coil M gives maximum signal strength, and thus the signals can 
be read. 


TRANSMITTBR 


,M 



M* 


Pig. 66. 


SINGLE-FRAME SYSTEMS. 

Advantages and Disadvantages. — It was shown (Chap- 
ter III.) that the polar of a single rotary frame is a figure-eight 
diagram. Numerous D.F. sets have been devised on these lines 
with a fair amount of success. . During the war an efficient 
single-frame set was devised for the location of enemy aircraft. 
As these machines were always operating within fixed areas, 
great accuracy was not required, and good approximate bearings 
were obtained. The disadvantages, however, of a single-frame 
aerial are obvious : — 

(1) To get any strength of signal into the telephones, a 
fairly large value of area turns is required in the frame. 
This necessitates an unwieldy frame from a mechanical 
point of view. 

Provided the frame is made small enough to be 
mechanically easy to operate, then the energy received 
is necessarily small, and a big amplification is required 
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to bring up the signal strength. Provided that an 
amplifier is designed for this purpose, then there is the 
great diflficulty of keeping the “ dirccjt effect ” duo to 
the amplifier within small enougii limits to prevent 
the amplifier from bursting into oscillation, and also 
to prevent the frame from acting as a direct 
vertical. 

(2) A single-frame set must be calibrated txccurately before 
it is any use for D.F. purposes. 

The advantages of a single frame, provided it can be used, 
are many : — 

(1) It is an ideal form of reception and absolutely sym- 

metrical. Thus, one does not encounter the secondary 
effects inherent in multiple frames where there is the 
interaction of frame upon frame to be considered. 

(2) One knows exactly what is happening as regards wave- 

length, amplitude, and especially phase. 

(3) The single frame used in conjrmction with a vertical 

receiving aerial gives an ideal method of obtaining the 
“ sense ” or true direction of the beaiing without any 
possible chance of error. 

(4) The single-frame method is equally efi&cient for the re- 

ception of spark, C.W. or I.C.W. signals, and there is 
no change in the C.W. note in passing through the 
minimum. This is difficult to achieve with multiple 
frames owing to interaction between frames. 

(5) A single frame set can be designed to take up a minimum 

of space, which is valuable on a ship. 

(6) A single frame can be so designed that it can be 

dismantled and erected in a few minutes without 
necessitating recalibration. This in itself is a great 
advantage for ship work, especially if a ship is coaling, 
or if, in the case of a warship, the decks are cleared 
for action. 

Thus, provided a single frame can be suitably designed, it 
possesses many advantages over other means. Everything 
depends on — 

(а) Mechanical design. 

(б) Electrical design to eliminate vertical effects. 

(c) Calibration. 
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(a) Can be achieved by suitable attention to req[uirenients 
and detail ; ( 6 ) can be achieved by. suitable screening methods, 
and by the use of a vertical effect equal and opposite to that 
due to the frame and the direct reception ; (c) can be carried 
out by suitable arrangements once the set has been properly 
installed. 

Kolster and Dunmore System. — ^This system has been 
developed by the U.S.A. Bureau of Standards, and is used both 
on war vessels and in the American mercantile marine. 

It employs a single rotating square frame aerial 4 ft. x 4 ft. 
with eleven turns of wire, and mechanically so designed that 
the frame rotates over a standard 
magnetic compass. Thus bearings 
are read relatively to magnetic 
north. 

From Fig. 67 it will be observed 
that the circuit consists of a foame 
Lo. whichr is tuned to the incoming 
wave-length by means of the variable 
condenser Cq. Across this condenser 
Co, connected either directly or 
through a transformer P, is the 
amplifier. The latter consists of 
three high-frequency stages, a detector and two stages of low- 
frequency amplification, the whole unit being designed with 
a. minimum of operating adjustments. 

The auxiliary circuits of the set are controlled by means of 
switch S. When this switch is to the right, then the central 
plates of the condenser 0$ are directly earthed. This double 
condenser is used to obtain electrical symmetry of the coil 
system relative to earth. In other words, by adjusting the 
central plates of the condenser C 3 either to the right or the left, 
the earth connection is brought to the electrical centre of the 
frame system. This means that the signal received in the 
telephones results only from the energy directly received in the 
coil Lq, i.e. reception is on the figure-eight loop system. 

When the switch S is closed to the left, a small condenser C 2 
is coimected across half the double condenser C3, and the in- 
ductance L] and the tuning condenser Ci axe inserted in the 
earth lead. 



Fig. 67. 
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In thiti position tlw energy is piektnl up in tin* vertieal aerial 
oonsisting of hiuI the capacity of the coil Eo to earth. 

By proiHsr adjustment of and tJic circuit Ejf-ji a complete 
unidirectional effect is obtained. 

The meXhod of operation is as follows : — 

Switch S is closed to the right to obtain a bearing on a 
transmitting station, and to the left to obtain a “ .s<fn80 ” or 
true direction of the station. 

To take a bearing, the coil Lq is tuned by nutans of Co to 
be in resonance with the incoming signals, and the frame rotated 
for minintmm signals. In this position the frame is at right 
angles to the direction of the incoming wave front. 

To obtain “ sense ” or tmo direction, the switch S is turned 
to the left, and by adjustment of CgLi and Ci the vertical is 
tuned to the wave-length of the incoming signals. Now, if the 
frame is rotated to the position of maximum signal strength, 
it will point towards the transmitting station whose true bearing 
is required. 

Bellini System. — This is a single-frame system (see 

The frame circuit oonsists of 
a frame F and condensers Ci 
and Ca. 

The vertical aeriaL oonsists 
of the earthed centre of the 
frame F through a variable 
rheostat R, the capacity of 
the frame F, and the two con- 
densers Cl and Ca, which are 
earthed through the tuning con- 
denser C3. 

When switch S is open, reception is effected on the vertical 
aeiial, and the ordinary circular polar applies. 

If switch S.is closed,, then the amplifier is connected directly 
across the frame, and reception is on the figure-eight diagram. 
To obtain a bearing, the switch S is closed and the frame tuned 
to f^e incoming signals. The false vertical effect of the frame 
is practically eliminated by earthing the centre point of the 
frame through the variable rheostat R. The sharpening of the 
minimum due the elimination of the remedning v<jrtioal effect 
is accomplishe^ii^ varying Cj and Cj. 







Fia. 69 — Siemens’ D.F. frame. 
With handwheel and pulleys. 


[To face page 65. 
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To obtain “ sense ” or true direction, the switch S is opened 
and the vertical aerial tuned by means of the condenser Ca. 
By using the resistance R, it is possible to obtain the lieart- 
shaped diagram. 

Sharp bearings can only be obtained by careful use of con- 
densers Cl and Ca- Moreover, the valve damping across the 
frame is always present, and this limits the range and selectivity 
of the set. Actual tuning of the frame is accomplished by con- 
densers. 

The frame is square in shape, each side being 80 cms. long, 
and ten turns are wound for a wave-length of 300-1100 m. 
Slip rings are used to convey the energy from the frame to the 
amplifier. 

For further details of this system the reader is referred to 
E. Bellini’s paper in “ L’Onde Electrique ” for 1924. 

Siemens’ System. — ^This system makes use of a rotary 
frame (illustrated in Fig. 69) specially designed for ship- 
work. 

In the design special attention has been paid to the following 
points : — 

(1) Ease of fitting. 

(2) Minimum space occupied. 

(3) Maximum efficiency on figure-eight diagram reception, 

and efficient screening. 

(4) Robustness. 

(5) Watertightness. 

(6) No obstruction to the field of view when visual observa- 

tions are required. 

(7) No influence on the magnetic compass. 

(8) Ease of dismantling for coaling or other purposes ; and 

(9) Flexibility of drive. 

With regard to item (1), the frame is fitted by cutting an 8^ in. 
circular hole through the deck and bolting the base plate to it 
by means of six brass bolts. The joint between base plate and 
deck is rendered watertight by a felt washer and white lead. 

Regarding item (2), the loop of the frame has a diameter of 
about 3 ft., and the column is a strong brass casting about 4 ft. 
high. This column serves two purposes, viz. : (a) To raise the 
loop above normal deck structures, such as railings, etc. ; and 
' (6) to prevent energy received in the loop from reacting: on the 

5 
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iron decks and causing re-radiation from the dock, and thus 
falsifying the direction of the bearings. 

Oonceming item (3), the frame windings are contained in a 
tubular ring of drawn brass, and the leads from the ring to the 
base of the frame are carried on fixed brass rods enclosed in the 
brass coluxnn. Thus all leads from the frame to the base of 
the column are carefully screened in a metal casing, which is 
earthed, and every precaution is taken to eliminate direct 
pick-up and consequent vertical effect between the loop and 
the base of the column. 

As regards item (4), the whole structure is a stout brass 
casting which will withstand normal handling without fear of 
damaging any of the electrical portions of the frame. 

Regarding item (6), the frame and column and base are all 
fitted together in an absolutely watertight manner, so that even 
with the frame immersed in water the windings remain un- 
affected by wet or moistme. 

Gonceming item (6), it frequently happens that the frame 
has to be erected in a position where visual observations for 
navigation ptirposes are taken, e.g. on the standard compass 
platform. Consequently, no object which would obstruct the 
field of view of the observing offioer is permissible. In this t 3 q)e 
of frame the ring is only about 3 in. thick, and as it is moreover 
rotatable, the visibility is not affected. 

With respect to item (7), it is essential that the frame and 
oolux3im — if erected near the standard magnetic compass — 
should in no way infiuence the calibration of this instrument. 
In order to permit of the D.F. frame being erected, if necessary, 
in very close proximity to the standard magnetic compass, the 
whole of the metal work of the frame ring and column is made 
of brass. 

With reference to item (8), when a frame has to be erected 
in such a position that it is liable to be damaged during 
lowering, a frame of special design is used so that the loop 
and column may be removed and dismantled in a few seconds. 
A waterproof cap is then fitted on the frame base, and protects 
it from any damage when the frame and column have been 
removed. The frame can be set up in a few seconds. It is 
Impossible to fit the frame and column to the frame base in a 
'wrong positiem. 





Fig. 70. — Handwheel. 
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Filially, as regards item (9), it is rarely possible to instal the 
handwheel directly below the frame base. To allow a certam 
amount of flexibility in the position of the handwheel, the drive 
is by means of a steel cable which conveys the motion from the 
handwheel to the hrame base. A distance of about 30 ft. be- 
tween frame base and handwheel may be taJren as the maximum. 

Frame Windings. — ^These consist of fourteen turns of wire 
wound in two sections of seven turns each. Special precautions 
are taken to ensure that the inductance and capacity values of 
the two halves are as nearly identical as possible. 

Wave-range. — ^The wave-range provided for ship work is 
from 430 to 1260 metres. This range covers all waves used in 
the mercantile marine for ordinary direction-finding and posi- 
tion-fixing work in all parts of the world. The tuning is effected 
by a variable condenser connected across the frame windings. 

Handwheel. — ^This wheel (see Fig. 70) is about 16 in. in 
diameter, and rotates on a central ball-bearing. 

Special stops are provided 
to absorb any shock when the 
frame is stopped. The amount 
the frame is allowed to rotate 
is one complete turn plus an 
overlap of about 30°— 40°, i.e. 

390°— 400° altogether. 

The Scale is reproduced 
in Fig. 71. 

Every degree from 0° to 
359° is marked on a fixed 
metal disc. The indicator ring 
is provided with two sets of 
apart. 

The actual calibration and the taking of bearings are done 
on the “spot” pointer marked ViV, while the other black 
pointer marked YIV is for checking reciprocals and the me- 
chanical accuracy of the set. 

Two additional indicators, one green and the other red, are 
provided at midway positions between the black indicators, 
and are only used for obtaining the “ sense ” or true direction 
of the bearing (see p. 47). 

A olampiug device C is provided to actuate two brake shoes 



black indicators fixed at 180° 



68 


NAVIGATIONAL WIRELESS 


on the wheel drum. This enables the operator to clamp the 
wheel in position after use so that wind pressure on the frame 
will not cause it to rotate. 

The frame and handwheel are coupled together by means 
of a stout steel cable, the middle point of which is firmly clamped 
to the frame base, while the two ends are solidly fixed to the 

handwheel. Spiings with screw 
adjustment are provided on the 
frame base to permit (a) case of 
erection, (6) tightening up the 
slack on the wire when the 
frame is first installed, and (c) 
expansion and contraction of 
the driving wire due to temperature changes. 

The latter is a very important point. 

It is obvious that the whole calibration of the installation 
would be thrown out if the wires XY and YZ (see Fig. 72) 
expanded or contracted at different rates. To compensate for 
this, the wires are drawn very taut before calibration. This is 
accomplished by means of the adjusting screws A and B, causing 
the springs AA^ and BB’' to come under heavy pressure. Now, 
any expansion or contraction (which is of a very small order) of 
the wire cable causes the handwheel to move «« a whole either 
away from the frame base or towards it. Rotary motion is 
entirely prevented. 

Pulleys. — Small, heavily constructed pulleys are used to 
carry the wire between the frame base and the handwheel. All 
these pulleys are fitted with double ball races, which allow a 
very easy rotary motion, but no side play. The pulley wheels 
are capable of rotation through an angle of 180® about their 
spindles. This enables them to be sot at practically any angle, 
thus facilitating the turning of comers with the drive wires. 
Fig. 73 shows the type of pulley used. 

Method of Fixing the Drive-wire. — ^The drum of the 
handwheel and of the frame base respectively are identical in 
size, so that if one turns a complete circle, the other must also 
turn a complete circle. Both drums are provided with identical 
screw threads for carrying the wire, and are slotted in the threads 
for the purpose of anchoring the wire. In order to facilitate 
erection, the adjusting nuts on the handwheel (A and B in 
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Fig. 73.— a pulley. 
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Fig. 72) should be slackened off as much as possible, and the 
handwheel and frame base slots arranged as shown in Fig. 74. 

Then the necessary length of wire is measured off and the 
centre point anchored on the frame base by means of screw Y. 
The slots S and Si should be so placed as to face one another, 
and the handwheel clamped in position. Next, the wires are 
arranged as in Fig. 74 and anchored at points X and Z on the 
handwheel. Starting from Y, the wire makes ha-lf a turn 
around the drum on the frame base, half a turn aroimd the 
handwheel base, and finishes at the anchorage at Z. The wire 
YX (shown dotted) is fixed in a Hi-milar manner, and the whole 
system is then tightened up by 
means of the adj listing screws 
on the handwheel (A and B in 
Fig. 72). The ease with which 
the drive works when properly 
installed wiU be understood 
from the fact that the frame, weighing approximately 2 owts., 
can be turned by a pressure of some 2-4 lbs. on the handwheel. 

When the drive is first installed it is always advisable to 
make a file cut on the rotating drum of the frame base, and on 
the fixed metal collar surrounding it, with the spot pointer of 
the handwheel, say, at 0°. Then, if it is required at any time 
to replace the drive wire, this can easily be done by fixing the 
frame base and handwheel in accordance with the file marks, 
i.e. frame base on the file mark and the handwheel on 0°. No 
re-calibration will be necessary. 

Receiver. — ^This may be divided iato five distinct por- 
tions : — 

(1) Amplifier. 

(2) Frame tuning devices. 

(3) Vertical aerial tuning devices. 

(4) Coupling between frame and vertical aerial. 

(5) Local oscillator. 

Amplifier. — This is an instrument consisting of 7 H.F., 
1 detector, and 2 L.F. valves moimted on specially sprung plat- 
forms to avoid valve microphonio noises when the ship vibrates. 

The high-frequency valves are choke-coupled, the usual grid 
leak and grid condenser being coimected between the plate of 
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the one valve and the grid of the succeeding valve. The L.F. 
valves are coupled by means of intervalve transformers. 

The telephones (of the low-resistance type) are fed through 
a step-down telephone transformer which, by means of a switch, 


mAME 



can be connected in the plate circuit of either the first L.F. or 
the second L.F. valve ; so that either one or two L.F. valves 
can be used without having to adjust the filament rheostat. 
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Eia. 76. 


F.C. = Frame tuning condenser with vernier adjustment. 
A.O. = Aerial tuning condenser with vernier adjuatiuont. 
O.C. =5! Oscillator tuning condenser with vernier adjustment. 

R. Reaction condenser. 

S.D. = Sense-direction switch. 

0. « Coupling coil between frame and vertical aerial. 

F 2 » Fs» Fa Filament rheostats. 


The ciromt is shown in !Fig. 76, while the outside of the 
reoeiyer is shown (hagrammatically in Fig. 76, and photographs 
of the receiver are reproduced in Figs. 76a and 76b. 
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Frame-tuning Devices. — ^These consist of a frame-tuning 
condenser Ci which, when connected across the frame windings, 
gives a tuning range of from 430 to 1250 m. 

In addition, there is a special type of reaction condenser, 
consisting of one set of movable plates and two sets of fixed 
plates. The movable plates are connected to one side of the 
frame, while one set of the fixed plates is connected to the 
plate of the first H.F. valve, and the other set to the plate of 
the second H.P. valve. In this way capacity reaction is 
obtained from the plate of either No. 1 or No. 2 H.F. valve on 
to the grid of No. 1 H.F. valve. This reaction has a very 
marked efiect. It can be used to out out the damping of No. 1 
valve across the frame windings, thereby greaHy increasing the 
strength of signals. In fact, its efiect is equal to adding three 
or four extra H.F. valves to the circuit. 

Capacity reaction is used in preference to inductive reaction 
in order to concentrate the fields, thus preventing interference 
with the direction of the incoming wave front, which wotdd 
give a false bearing. 

Vertical Aerial Tuning Devices. — ^These consist of two 
variables, firstly, an inductance with three tappings and, 
secondly, a variable condenser. The inductances are so chosen 
that, when used in conjunction with the vertical aerial, the 
coupling between the latter and the frame will not swing the 
bearings. The control of the inductances used is effected by 
means of the “ sense-direction ” swatch. This switch has a 
double function. When used for direction only, i.e. with the 
pointer v/pwards, the vertical aerial is not tuned, but three 
variable tappings are available, which can be used for different 
wave-lengths to lengthen the aerial, and thus increase the 
couphng between the frame and the vertical aerial. 

The object of this is to produce the equal and opposite 
component necessary to counterbalanoe the vertical effects due 
to the frame and direct vertical which cause fiat minima (see 
p. 45, Fig. 54). 

When used in the sense position, i.e. with the pointer down- 
wards, this switch connects any of the three inductances across 
the aerial tuning condenser C 3 , thus giving three separate ranges 
of vra.ve-length which can be used for tuning to the wave-length 
of the incoming signal. 
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By txming the vertical to the incoming wave-length, the 
requisite polar curve for a “ sense ” or true direction deter- 
mination (as shown in Figs. 57a and 57b, p, 47) is obtained. 

Coupling Coil. — ^This coil is connected between the ver- 
tical aerial and the frame, and is utilised to sharpen the minima 
when a bearing is being taken, i.e. not a “ sense.” It is by 
means of this coupling coil that the necessary equal and opposite 
component from the vertical aerial is taken to compensate for 
direct and frame vertical effects in the receiver. When “ night 
effect ” is present, the component necessary to sharpen up the 
minima is a variable quantity, and consequently when taking 
bearings during a period when “ night effect ” is present, it is 
constantly necessary to alter the position of the coupling coil. 
This is a valuable warning to the operator, and indicates the 
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presence of ” night effect.” The instructions as laid down in 
Chapter X. (p. 139 ff.) should be carefully followed during such 
periods. 

The layout of this coil is shown in Figs. 77a and 77b. 
Fig. 77a illustrates the front of the coupling coil and Fig. 77b 
the arrangement inside the receiver. 

The coupling coil, which is actuated by means of a spindle, 
can be turned through 90® either side of a central zero. 

In the zero position there is no coupling between the frame 
and the vertical aerial, but on either the red (right) or green 
(left) side of the central zero there is a variable coupling up to 
a maximum of 90® (see Fig. 78). 

It should be noted that in going through the zero position 
the phase changes 180®. If the phase on the red side, i.e. with 
coupling from 0® to 90®, is assumed positive, then from 0® to 
90® on the green side the phase is negative. This point is very 
important, as it gives the neisessary phase change for the deter- 
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mination of “ sense,” whioh. is required in. accordance with 
Figs. 67a and 67b (p. 47). 

When using the D.F. set on board ship, the position of this 
coupling coil for sharp minima will vary according to the 



direction and wave-length of the incoming signal. This is 
shown in Fig. 79. 

The smallest coupling between the frame and vertical will 
be on the fore and aft line, i.e. 0°-180°-360°, as shown in Fig. 79. 

The maximum coupling will be at 90° and 270°, but in 
opposite senses. For shorter waves on the same ship the 
curve is shown dotted. In installing the vertical aerial allow- 
ance must be made for short waves. 

The cTiaracteristic of the coupling coil for the determination 
of “ sense ” for a particular signal is shown in Fig. 80. 

It will be seen that at 
about 20° coupling on the ^ 
red scale there is a sharply S 
defined miniTmim . It is the i 
result of adding a current from ^ 

1h.e vertical aerial to that of I 
the frame — both of which are 
of the same amplitude, but 
in exactly opposite phases — thus producing zero signals and 
oompl 3 dng with the conditions for true direction or " sense ” 
as required by the theoretical considerations expressed in 
Figs. 67a and 67b (p. 47). 
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In order to comply with the other conditions, there must 
be : — 

(1) A vertical aerial which is in tune with the incoming 

signals. 

(2) An amplitude of signal from the vertical aerial equal to 

that of the frame coU. 

Item (1) is fulfilled by arranging that when the “ sense- 
direction ” switch is placed on any of the dowmward positions, 
a condenser A.C. (Fig- 76) is connected across the inductance 
windings, thus enabling the vertical aerial to be tuned to any 
wave-length received on the frame. 

To fulfil condition (2), the amplitude of the signal obtained 
on the vertical aerial is reduced to that obtained on the frame 
when in its zero position, i.e. to zero amplitude. This is carried 
out as follows, after obtaining a frame minimum : — 

(1) To tune the vertical aerial, the “ sense-direction ” 

switch is put in its dovomoard position on the correct 
wave-range. This conneots condenser A.C. across the 
necessary inductance. 

(2) The coupling coil is moved 20® or thereabouts from zero 

position. 

(3) The vertical aerial is tuned to the incoming signal until 

maximum signals are heard. 

(4) Keeping the vertical aerial tuned, the coupling coil is 

moved until signals become zero. This gives a zero 
amplitude of signals from the vertical, corresponding 
to zero signals on the frame. 

(6) Keeping the coil fixed, the pointer is moved to zero on 
the coupling scale. Phases of the current from the 
frame and the vertical may now be added. 

(6) The frame is swnmg from its zero position through 90®, 

i.e. into the position of maximum signals. 

(7) The coupling coil is moved either to the left or the right 

until the position of minimum, signal strength as 
shown in Fig. 80 is obbained. If this happens to be 
on the red scale on the coupling coil dialf the red 
pointer on Jiand-^heel ecode (see Fig. 71) must be read 
for “ sense ” determination, and if the minimum comes 
on the green scale on the coupling coU died, the green 
pointer must' be read. t]%e kemd^heei etcxde for 
“ sense.” 




Fia. 82. — ^Telefunken D.F. installation. 


\To face page 76. 
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Local Oscillator. — ^This is based on the well-known 
Hartley circuit, and is diagranunatically shown in Fig. 81. 

The variable condenser Co across the inductance Lq gives a 
wave-range slightly greater than that covered by the frame 
ttming. The high tension used is usually 9-18 volts, although 

H. T. voltages up to 60 may be used with safety. Current for 
lighting the filament is obtained from the 
common L.T. battery for the amplifier, 
but there is a separate filament control 
on the right-hand side of the receiver 
(see .Fig. 76). 

This oscillator is coupled with the 
earth lead of the frame, thxis giving per- 
fect symmetry, A fixed coupling coil of 
a few turns is used for this purpose. 

It may be mentioned that when taking bearings on a 
C.W. station, the note of the O.W. does not in any way 
change in going through the •miniTmiTYi , as there is no poss- 
ible secondary effect due to interaction of frame on frame. 
Moreover, the accuracy on C.W. is as great as on spark or 

I. C.W., the advantage of C.W. over spark being the greater 
selectivity. 

Telefunken Apparatus. — ^The Telefunken Company of 
Berlin have in the past few years worked out a practical system 
of D.F. based on the single rotating frame principles with a 
compensating vertical aerial. The theoiy of compensation 
referred to in the last section applies to this apparatus. An 
illustration of the latest Telefrinken apparatus is given in 
Fig. 82. It wiU be seen that the frame consists of a watertight 
metal ring which is directly driven by the handwheel mounted 
on the table. For ships where it is not possible to instal a 
direct drive from the frame to the handwheel, a flexible drive 
is employed. The circuits include four H.F. valves, one de- 
tector valve, and a three-valve resistance-coupled L.F . amplifier. 
A notable feature of this receiver is the fact that no separate 
oscillator is used for the reception of C.W. signals. This is 
accomplished by using the detector valve in conjunction with 
a timed grid and variably coupled anode circuit, thus causing 
the detector valve to oscillate for C.W. reception. A variable 
coupling is connected between the plate of the fourth HJ6' . 
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valve and the tuned grid of the detector valve. The following 
advantages are claimed for a receiver of this type : — 

(1) A high degree of selectivity due to the tuned detector 

valve grid. 

(2) No additional oscillator valve is necessary for the re- 

ception of C.W. signals. 

Fig. 82 shows the complete D.F. installation with high and 
low tension batteries. The compensating vertical aerial is 
shown on the extreme right. 

It is of interest to note that the location of the sinking 
S.S. Laristan/' which came promixiently before the public 
early in 1926, was effected by means of the Telefunken apparatus 
installed on the North German Lloyd steamer '' Bremen.” 





!Pig. 84. — ^D.!P. frame on wireless cabin, S.S. “Port Macquarie/' 

[T’o/ace page 77. 
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CHAPTER V. 

INSTALLATION OF A SINGLE-FRAME AERIAL ON A SHIP. 

Position on the Ship. — ^The siicoess of an installation is 
largely dependent on the method of installation. 

There are two obvious possible positions for the frame : — 

(а) On the bridge (see frontispiece, which shows the frame 

on the bridge of T.M.S. “ Gripsholm ” ; also Eig. 83). 

(б) On the roof of the W/T cabin (see Eig. 84), which shows 

the frame on the W/T cabin on the S.S. “ Port 
Macquarie 

Advantages of Installing the D. F. Set on the Bridge. 
— ^Purely from a D.E. point of view, position {a) is undoubtedly 
the best, as it gives a clear field of view on the bows, i.e. in 
Nos. 1 and 4 quadrants. This means that when the Quadrantal 
Error Curve is taken (see Chapter VI.), the deviations from the 
true straight line CTxrve will be small, and the consequent lia- 
bility to error will also be small. Also, all electrical instruments 
and lighting cables, etc., going to the bridge are well screened 
and earthed so as to prevent electrical influences on the mag- 
netic compass. This screening is a distinct advantage, as it 
minimises any induction into the D.E. receiver. 

The disadvantages of having the D.E. set on the bridge are : — 

(1) If worked by W/T operators, it is by no means a con- 

venient place, as it is very unsatisfactory to have to 
go from the W/T cabin to the D.E. set on the bridge 
in order to take a bearing. 

(2) Additional controls are required to operate from the 

W/T cabin to the bridge. 

In some countries — especially in America and Germany — 
the D.E. set is looked upon purely as a navigating instirument, 
and it is actually worked and maintained by the navigating 
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officeirs. This is a great advantage, provided that the navigat- 
ing ofiGloers are properly trained in the working and maintenance 
of the set. This, unfortunately, is not always the case, and the 
work then falls on the W/T operator. 

With regard to (2), the additional controls are minor details 
which can be easily overcome. A little extra expense, however, 
is entailed in running cables from the D.E. set to the bridge to 
operate the telephone and the relay. 

With respect to alternative (6), i.e. where the frame is 
mounted on the roof of the W/T cabin, this has the following 
disadvantages : — 

(1) Grenerally, this position is screened by metal noasses, such 

as funnels, etc., and consequently the Quadrantal 
Error Curve gives bigger deflections than if the frame 
were installed on the bridge. Hence there is a greater 
liability to error. 

(2) Lack of good liaison between the W/T and navigating 

personnel. 

On the other hand, this position has the following great 
advantages : — 

(a) The set is operated by skilled personnel who can take 

bearings not only on fixed beacon stations, but on all 
ships, etc. This is especially useful in fog. 

(b) There is no time lost in the W/T operators going between 

the W/T cabin and the bridge to take bearings. 

(c) The D.F. receiver can also be used for duplex work. 

Choice of Site : General Considerations. — 

(1) This should provide as clear a field of view as possible. 

(2) It should be such that the frame is as near as possible 

on the fore and aft line of the ship. 

(3) It should be so chosen that the bottom of the frame 

loop is, if possible, above near metal structures such 
as railings, ventilators, stays, etc. (see Chapter VI.). 

(4) It should be in such a position as to entail the shortest 

possible length of driving wire between the frame base 
and the handwheel and receiver. 

(6) It should be as far as possible away from any motors, 
such as ventilator motors, etc. 

(6) It should be away from, or above, any closed earthed 
loops (see Chapter VI.). 
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(7) It should be away from passenger decks, if possible. 

(8) If it is necessary to choose a place stirrounded by ven- 

tilators, then the loop should be placed as nearly 
symmetrical to the ventilators as possible. 

Vertical Aerial. — This plays a very important part in the 
success of the installation. It must be remembered that this 
vertical aerial supplies an E.M.F. of an equal and opposite 
phase to that in the frame, to counterbalance the false vertical 
which is an inherent part of the D.F. installation {vide Fig. 61, 
p. 43)i' and is due to — 

(а) Direct vertical effect of the receiver. 

(б) Vertical effect due to the frame acting as a vertical 

aerial. 

No definite length can be assigned to this vertical aerial. 
Experience shows that it depends on the size and nature of the 



ship and the distribution of the metal masses on the ship rela- 
tive to the position of the rotating frame. The lengths may 
vary between 15 ft. on some ships up to 30 ft. on others. 

The best method of arr ang in g this vertical aerial is indicated 
in Fig. 86. 

It wiU be seen that this is done by running a triatio between 
the forward mast and the funnel and insulating it as shown. 
The vertical aerial is then attached to the triatic by means of 
insulators. 

In cases where a triatic is not feasible, the method illus- 
trated in Fig. 86 may be used with advantage. 

It will be seen that a small mast about 20 ft. high is used, 
the length of the required vertical being adjusted on the 
“ tie-back ” until the aerial length is of the correct value. 

If this vertical aerial is too short, then obviously — 
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(а) Even with maximum coupling between the vertical 

aerial and the loop, i.e. with the “ sense-direction ” 
pointer to the maximum coupling position and the 
coupling coil at the 90° position, there will be insuf- 
ficient coupling to counteract the “ vertical ” effect in 
the receiver. 

(б) The requisite wave-range for tuning for “ sense ” deter- 

mination will not be achieved. 

If the vertical aerial is too long, then — 

(1) Even with weak coupling between the loop aerial and 

the vertical aerial, the amount of energy passing from 
the vertical aerial into the loop will be so great that 
the direction of the incoming wave will only be 
apparent, and a false bearing will be the result. 

(2) The timing on “ sense ” will be such that the ranges on 

the “ sense-direction ” will be too great. 

A rough rule is that the length of the vertical aerial should 
be such that its natural period in conjunction with the lengthen- 
ing coil lies 20 per cent, in wave-length below the minimum 
range of the scale. 


Position of 
sense-direotion 
switch. 

Wave range. 

Natural wave-length of 
vertical -h lengthening 
coil. 


m. 

m. 

1 

400- 600 

320 

2 

600- 900 

480 

3 

900-1400 

720 


Attention should be paid to the following points : On the 
low wave-lengths, i.e. about 450-650 m., the vertical aerial on 
the third range (i.e. 900-1400 m.) is nearing resonance with the 
incoming wave-length, and consequently will be much more 
active and liable to swing bearings on these wave-lengths. In 
installing, allowance must be made for this by selecting an 
appropriate aerial l^gth. 

Care must also be taken to keep the horizontal distance 
from the bottom of the loop to the vertical aerial at least about 
6 ft., and this distance must not be less at higher points of the 
loop aerial. 
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Wiring from the Loop to the Receiver. — ^The wiring — 
which should be of specially heavy copper wire, nickel-plated — 
is shown in Fig. 87, and serves the following requirements : — 

(а) To minimise capacity eflEects and facilitate tuning. 

(б) To prevent leakages of energy to earth and ensure that 

bearings are not swung due to these leakages. 

The whole wiring is screened in order to mirdmise direct 
action into the receiver, and to cut down any “ vertical ” 


effect. 

Attention is drawn to the 
fact that a central “ earth ” 
is run from the frame down 
to the receiver. This is 
to keep perfect symmetry 
throughout the whole instal- 



lation. 


In cases wheire the distance from the frame base to the re- 


ceiver is short, say, 10-12 ft., the distance between the wires 


may be reduced to 2 in. 

Fixing the Handwheel. — ^This must be done with regard 
to the conditions on the ship, the two points to be observed 


being : — 

(1) To make the drive as short as possible. 

(2) To make quite sure that when the drive rotates from 0° 

to 90° the frame turns clockwise. 


A good nethod of arranging the handwheel is shown in the 
photograph of T.M.S. “ Gripsholm ” (Fig. 83). It will be 
seen that the Gyro repeater dial is mounted near the hand- 
wheel, so that the operator can read simultaneously : — 


(1) W/T bearing on the handwheel, and 

(2) Ship’s head relative to true north. 

(See Chapter VIII.) 


The telephone commxmicatiDg to the W/T room is seen 
beneath the handwheel. 

In ships without a gyro-repeater, a bell push is arranged 
beneath the handwheel for oonamunication with the standard 
compass platform. When the operator takes a bearing, he 
presses the bell and a reading is made on the standard compass 
simultaneously. 
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Low-tension Wiring. — ^This runs from the batteries to 
the charging board and to the receiver, and should be of heavy 
gauge lead-covered -wire. The lead casing as well as the L.T. 
negative of the battery should be earthed. 

Low-tension Batteries. — ^These consist of two 6-volt 
accumulators and arrangements are made on the charging 
board that one battery is being charged while the other is in 
use. 

Instmictions regarding battery maintenance are issued with 
each installation, and these should be carefully adhered to in 
order to obtain the maximum ejEficienoy from the receiver. If 
the batteries are allowed to run down, it would result in : — 

(a) Diminished signal strength. 

(b) Crackling noises in the amplifier. 

The instructions regarding battery maintenance, referred to 
above, are reprinted in Appendix I. 

Auxiliary Controls in Connection with D.F. Sets. — 
The two cases to be considered are : — 

(1) Where the D.F. set is in the W/T cabin and worked by 

the W/T operator (see Fig. 88). 

(2) Where the D.F. set is on the bridge, and is operated 

either by the W/T operator or the navigating officer 
(Fig. 89). 

In case (1), i.e. when the D.F. set is in the W/T cabin, 
arrangements must be made to — 

{a) Isolate the main aerial when taking bearings. 

(6) Protect the D.F. receiver in such a way that any trans- 
mission from the main set will not damage the receiver. 

(c) Have telephonic communication between the chart-room 

and the W/T room. 

(d) Have a warning system from the W/T room to the navi- 

gating officer who observes the visual bearing for cali- 
brating and checking the Q.E. curve, and who also 
reads the ship’s head at the time bearings are taken. 

Regarding item (tx), the main aerial must be isolated to 
prevent its infiuencing the direction of bearings on incoming 
signals. This is done by a switch which lights a lamp over the 
D.F. set when the main aerial is broken. The burning of this 
lamp warns the D.F. operator that it is saie to take a bearing. 
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Regarding (&), this is done by shorting the outer -vrindings 
of the loop and the vertical aerial to earth, and by break- 
ing the main transmitter primary when the D,F. receiver is 
not earthed. A hand-switch or relay may be used for this 
purpose. 

Concerning (c), this is essential for the purpose of trans- 
mitting hearings from the W/T room to the chart-room. 

As regards (d), this is necessary for checking the calibration 
curve on visual observations, the latter being taken by the 
navigating ofiEicer on the standard compass platform. In cases 
where the ship’s head is observed by the navigating ofl&cer, 
i.e. in ships where there is no gyro repeater dial in the W/T 
cabin, the same warning system can be used to signal the 
navigating officer to read the ship’s head from the standard 
compass when the W/T bearing is taken. 

The warning system used generally consists of a watertight 
single-stroke gong to avoid confusion with other bell systems 
usually to be found on the bridge of modem liners. 

In case (2), i.e. with the D.F. set on the bridge, arrange- 
ments must be made to — 

(а) Isolate the main aerial when taking bearings. 

(б) Protect the D.F. receiver, and break the main trans- 

mitter circuits. 

(c) Have telephonic communication between the D.F. set 

and the chart-room (usually the D.F. set is placed in 

the chart-room on the bridge). 

(d) Have telephonic communication between the D.F. set 

to the point of visual observation. 

(e) Have a warning system from the D.F. set to the point 

of visual observation. 

The same remarks apply to items (a), (c), (d), and (e) as in 
the previous case discussed above. 

Regarding item (6), in this case a relay is employed. 

Relay. — ^The relay (Fig. 90) is designed to work directly on 
the ship’s mains, i.e. either on 110 or 220 volts, depending on 
the ship’s working pressure. 

When the main transmitter is working, the relay is ener- 
gised, and the contacts 1, 6, A, and E are aU connected 
to the main earth (E). When the " send-receive ” switch is 
placed in the “ recmve ” position, then the relay is not energised 
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and the contaots 1 and 5 an 
the main earth (B). In this 



¥xq. 91. 

ace lighted, i.e. unless the 


i A and E are disconneoted from 
position the D.F. receiver can be 
used to take approximate 
hearings on incoming signals. 
A proper bearing, however, 
should not he taken until the 
TTiain a&rial is broken. The 
breaking of the main aerial 
is shown by the lighting of 
the warning lamps both in 
the W/T cabin and near the 
D.F. receiver. 

A bearing should never be 
taken unless the warning lamps 
aerial is broken. 


INSTRUCTIONS FOR OPERATING THE SIEMENS 
DIRECTION FINDER. 

Usually “ direction ” alone is required, and only rarely 
“ sense ” or iarue direction. 

Each receiver should be calibrated and curves drawn showing 
the adjustments on all wave-lengths of — 

(o) Frame condenser. 

(6) Vertical aerial condenser. 

(c) Local oscillator condenser. 

The wave-length of the transmitting station is usually 
known, and the condensers should be adjusted to correspond to 
these wave-lengths by reference to the curves. 

“Direction ” on Spark or I.C.W. Signals. — 

(1) See that the coupling pointer is in the centre of the scale. 
If this is so, a rotation of 90“ on either side will cause the pointer 
to cover the whole scale. 

(2) Adjust for maximum signals by using the frame con- 
denser and the reaction condenser. 

(3) Rotate the handwheel until the position of the approxi- 
mate Tnini-mriTn is found. 

(4) With the “ sense-direction ” pointer upwards, and on 
the correct wave-range, adjust the coupling coil and the hand- 
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wheel simtiltaiieously for a dead sharp minimum, and read 
the bearing given on the handwheel by the “ spot ” pointer 
marked Y 4 V. This is the direotion of the incoming wave. 

Should it be impossible to obtain a point bearing, i.e. one 
to within 1°, then swing the frame about the zero position. 
Match the bearings on either side of this minimum and take a 
mean ; for instance, if the signals are of equal strength at 35° 

and 41°, the bearing is = 38°. 

“Sense ” or True Direction on Spark or I.C.W. Sig- 
nals. — 

(1) See that the coupling pointer is central. 

(2) Adjust for maTriTimTm signals by using the frame con- 
denser and the reaction condenser. 

(3) Rotate the handwheel for approsdmate zero. 

(4) With the “ sense-direction ” pointer upwards and on the 
correct wave-range, adjust the coupling coil and the hand- 
wheel simultaneously for a sharp zero. 

(6) Leaving the frame at zero, move the “ sense-direction ” 
switch downwards to the correct wave-range. 

(6) Move the coupling coil 20° or more to the right or left. 

(7) Tune the vertical aerial by means of the vertical aerial 
tuning condenser for maximum signals. 

(8) Move the coupling coil until signals are zero. 

(9) Eleeping the coupling coil fixed, move the coupling coil 
pointer to the centre position. 

(10) Swing the frame through 90°, i.e. into the position of 
maximum signals. 

(11) Rotate the coupling coil to the right or left, notiag the 
colour (red or green on dial) on which signals weaken. 

(12) Read “ sense ” or larue bearing on the pointer that has 
the same colour as the coupling dial which indicates weak 
signals, e.g. if in (11) weak signals come in on the red side of 
the coupling dial, then read the red pointer on the handwheel 
for “ sense.” 

“ Direction ” on C. W. Sisals. — 

(1) See that the coupling pointer is central. 

(2) Adjust for maximum signals on the frame condenser, 
reaction condense, and oscillator condenser (the osmllator being 
switched on by the oscillator filament switch). 
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(3) Rotate the handwheel until the position of approximate 
•miniTmiTn is found. 

(4) With “ sense-direction ” pointer upwards and on the 
correct wave-range, adjust the coupling ooU and the hand- 
wheel simultaneously for a dead sharp minimum, and read the 
bearing given on the handwheel. 

“Sense ” or True Direction on C.W. Signals. — 

(1) See that the coupling pointer is central. 

(2) Adjust for maximum signals, using the frame condenser, 
reaction condenser, and local oscillator. 

(3) Rotate the handwheel to the position of approximate 
zero. 

(4) With the “ sense-direction ” pointer upwards and on the 
correct wave-range, adjust the coupling coil and the handwheel 
simultaneously for a sharp zero. 

(6) Leaving the frame at zero, move the “ sense-direction *’ 
switch downwards to correct wave-range. 

(6) Move coupling coil 20® or more to the right or left. 

(7) Tune the vertical aerial by means of the vertical aerial 
tuning condenser for maximum signals. 

(8) Move the coupling coil until the signals are zero. 

(9) While keeping the coupling coil fixed, move the coupling 
coil pointer to the centre position. 

(10) Swing the frame through 90®, i.e. into position of 
maximum signals. 

(11) Rotate the coupling coil to the right or left, noting the 
colour (red or green on dial) on which signals weaken. 

(12) Read “ sense ” or true bearing on the pointer that has 
the same colour as the coupling dial which indicates weak sig- 
nals, e.g. if in (11) weak signals dome in on the green side of the 
coupling indicator dial, then read the green pointer on the 
handwheel for “ sense.” 

Faults and Their Elimination. — ^The following table 
will be of use in handling the set : — 
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Fault. 

Cause. 

To rectify fault — 

A- 0n8v)itching 
on> 

1. All valves do 



Batteries not switched 

Switch on battery- 

not light up. 

on. 


Battery L.T- circuit 

Examine and rectify fault in 


broken. 

L.T. battery circuit. 

2, On© valve does 

Valve faulty or valve 

Change valve to another posi- 

not light. 

contact faulty. 

tion in amplifier. If it does 
not light up, replace it. If it 
lights up, repair valve con- 
tacts in old valve position. 

3. Valves burn 

L.T. batteries not fully 

Check voltage with voltmeter 

dimly. 

charged. 

and, if below 1-8 per cell, 
recharge battery. In the 
meanwhile use other L.T. 

B- Reception of 


battery. 

Spark Stations, 



1. Reaction con- 

(a) Low-tension battery 

(a) Same as (3). 

denser does not 

low. 


give a “ click ” 

(6) H.T. battery not 

(b) Plug in H.T. plugs with 

in the phones 

plugged in. 

negative at 0, Rect. at 18-24, 

on being swung 


H.T. at 30-48, L.F. 42-66 

through 180®. 


volts. 


(c) Insufficient H.T. 

(c) Test H.T. battery with volt- 
meter and, if not giving de- 
sired voltage, replace bat- 
tery by spare. 


(d) Frame leads broken. 

(d) Test (1) to (2) on frame and 
(4) to (5) on frame with gal- 
vanometer. If broken, re- 
pair. 


(e) Lead broken on re- 

(e) Reaction condenser lies be- 


action condenser. 

tween (1) and (5) on frame 
and should be tested for 
continuity, and repaired if 
broken. 


(/) Frame damp inside. 

if) This fault is exceptional- 
If the frame can be dried in 
sunlight, this should be done. 
A blow-lamp can also be 
used with care to dry out 
the frame. 


(g) Bad valve. 

(gr) Test all valves by shorting 
from grid of the detector 
valve to plates of 7, 6, 5, 4, 
3, 2 valves respectively. On 
each plate the reaction con- 
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Oaiise. 

To rectify faxilt — 

2. No signals can 

(a) H.T- battery not 

denser should give a click on 
turning through 180®. If not, 
replace valve immediately 
preceding connecting wire. 

(a) Plug in H.T. plugs. Test 

be heard. 

switched in. 

by putting switch on to “1 


(5) Reaction is at zero. 

valve 2 valve ” position. 

If H.T. is on, then cUcks will 
be heard in the telephone. 

(6) Turn reaction condenser to 


This causes heavy 

more sensitive position. 


damping across frame 
and renders amplifier 
insensitive to weak 
signals. 



(c) Relay is shorting 

(o) Examine relay and adjust 


frame and vertical to 

to work correctly. 


earth. 

(d) Main transmitter is 

(d) Put over to “ Receive.** 


at “ Transmit.** 

(e) Frame is on mini- 

(e) Turn handwheel through 


mum. 

90®. 


I (/) Frame not tuned. 

(/) Tune frame by frame con- 


[g) Station not sending. 

denser. 

(p) Confirm by listening-in on 

3. Signals weak. 

(a) L.T. or H.T. bat- 

main receiver, or by giving 
the station a call on main 
transmitter. 

(a) See A3 and B (c). 

hut note is char- 

teries run down. 

acteristic. 

(h) Frame not tuned. 

(6) Tune frame. 


(c) Reaction requires 

(c) Adjust reaction condenser 


adjusting. 

20®-30®. 

4. Signals weak. 

(a) Reaction condenser 

(a) Move reaction condenser 

and note is not 

over-coupled- 

20®-30® towards 0®. 

characteristic . 

O. Reception of 
G.W. Signals, 


(1), (2), (3), (4) 

As for spark signals. 

As for spark signals. 

as for spark sig- 
nals. 


5. No signals. 

Oscillator not working 



due to — 



{a) Bad valve. 

(flt) Replace valve. 


(h) H.T. not plugged 

(b) Plug-in H.T. (9 volts up- 


in. 

wards suitable). 





INSTALLATION OF A SINGLE-FRAME AERIAL 91 


Faultb Cause. To rectify fault — 

(c) V a 1 V e not (c) Switch on valve. 

switched on. To test if oscillator is working, 
put reaction condenser to 
180^ and rotate oscillator 
condenser. This gives num- 
erous C.W. oscillations in 
phones. 

6. Weak signals. (a) Oscillator is badly (a) Tune oscillator. 

tuned. 

(6) Oscillator is over- (&) Reduce H.T. or adjust fila- 
coupled. ment rheostat of oscillator 

valve to dim valve. 

7. Howl in tele- (a) Amplifier oscillating (a) Move reaction condenser 
phones which due to reaction being 20°-30® towards 0° position, 
changes as os- too strong. 

cfilator conden- 
ser is moved. 

D. Bearings. 

1. Wide minima- (a) Distance of trans- (a) Take swing bearings. 

mitter too great. 

(h) Receiver not sufii- (6) Adjust tuning and reaction 
ciently sensitive. for maximum signals. 

2. Blunt minima, (a) !Frame not on mini- (a) Adjust coupling handle and 

mum, and coupling handwheel simultaneously 

between frame and to get sharp minimum, 
vertical aerial not 
properly adjusted. 

(6) Main aerial not iso- {b) Isolate main aerial- 
lated. 

3. Minima wander- (a) Ship rapidly chang- (a) Avoid taking bearings if 

ing. ing course. possible during this period. 

(&) Night effect present, (&) Take a number of bearings 

on the transmitter over a 
period of, say, 2 or 3 minutes 
and take a mean. 

4. Bearings very (a) Metal masses near (a) Either get back to original 

inaccurate. D.F. frame have been metal distribution or recaU- 

altered since the oali- brate. 

bration was done. 

B. ^^Sense:^ 

No sharp defini- (a) Generally due to (a) Move coupling coil and ver- 
tion. vertical aerial not tical tuning condenser simul- 

being accurately taneously. Tuning conden- 
tuned. ser should be moved about 

the approximate tuning posi- 
tion. 
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Fault. 

Cause. 

To rectify fault — 

Doubt as to colour 
to choose in 
“ sense ” deter- 
mination. 

(b) Frame not exactly 
90° to minimum. 
This may be due to 
bad operating or ship 
altering course during 
observation. 

(a) Before the frame 
was tuned to maxi- 
mum position, the 
pointer had not been 
adjusted to zero. 

(b) Care should be taken to 
swing frame 90° from mini- 
mum position, and ship 
should be held on course 
while observation is made. 

(a) Repeat observation, taking 
care to bring vertical aerial 

1 to zero position by adjusting 
the coupling coil and then 
move the coupling pointer, 
retaining the coupling coil 
fixed, before swinging the 
frame through 90°. 
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CHAPTER VI. 

THE DEFLECTION OF WIRELESS BEARINGS DUE TO THE 
SHIPS METAL MASS 

In the nonoal course of events, -wireless waves -travel across 
the earth in great circles. If one considers -the effect of the 
ship’s metal mass, i.e. ship’s h-uU, antennas, mas-ts, e-tc., one 
finds that the waves atre all deflec-ted -towards the fore and aft 
line of the ship. 



A.QO susnr. 

Fro. 92 . 

In Fig. 92 the fall line represen-ts -the -true direc-tion of the 
transmitting sta-tion, as observed visually, while the dotted 
line represents the direc-tion of the wireless bearing on the 
transmitting station. 

It is seen that the following occurs when reading -the bearings 
on a 360® compass with the ship’s hea.d as 0® : — 
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(1) All W/T bearings in the first quadrant, i.e. from 0° to 

90°, or from dead ahead to starboard beam, are too 
aTna-llj and consequently a correction must be cidded 
to the wirt^s hearing to get the i/me hearing relative 
to the ship’s fore and aft line. 

(2) AH W/T bearings in the second quadrant, i.e. from 90° 

to 180°, or from starboard beam to dea>d astern, are 
too large, and consequently a correction must be 
mhtrcuAed from the wireless hearing to get the true 
bearing relative to the ship’s fore and aft line. 

(3) All W/T bearings in the third quadrant, i.e. from 180° 

to 270°, or from dead astern to port beam, are too 
small and coixsequently a correction must be added to 
the wireless hearing to get the true bearing relative to 
the ship’s fore and aft fine. 

(4) All W/T bearings in the fourth quadrant, i.e. from 270“ 

to 360°, or from port beam to dead ahead, are too 
large, and consequently a correction must be svb- 
traated from the wirdess hearing to get the true bearmg 
relative to the ship’s fore and aft line. 

(5) W/T bearings on the fore and aft line, and on the 

athwartships line, are not deflected. 

The above represents an ideal case in which the direction- 
finder frame is situated on the fore and aft line of the ship, 
and all bearings are taken on a 360° compass, and are relative 
to the fore and aft fine of the ship. Later on, the influence of 
the movement of the frame ofi the fore and aft line on the de- 
flection of the W/T bearings will be examined. 

It ^ould be noted that the deflection of the wireless bearings 
due to the distribution of tbe metal of the ship is very similar 
to the deviation produced on the magnetic compass due to the 
distribution of the ship’s metal masses. Just as a ship’s mag- 
netic compass must be adjusted, and a deviation curve obtained, 
so must a correction curve be obtained for the deflection of the 
wir^ss waves. This correction curve is called the Quad/ranted 
Error Calibration curve, or Q.E. of the set. 

This W/T correction cmve c^ approximately be repre- 
sented by a sine curve. In Eig. 93 the W/T bearings are shown 
as abscisses and the quadrantal corrections as ordinates. The 
maximum corrections shown are 15°. 




Fig. 94. 


A typical curve for a ship on which the metal masses are 
exceptionally regular is shown in Fig. 94. 

The curve reproduced in Fig. 95 represents an exceptionally 
interesting case. 
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It was ta^eu on a ship where the frame was — 

(1) 2 ft. to port off the fore and aft line, and 

(2) 15 ft. £com the funnel and 12 ft. from two symmetrical 

ventilators, which were aU aft of the frame, and one 
in the fourth quadrant forward of the frame. 

The following two facts emerge : — 

(1) When the frame is off the fore and aft line it acts 

as though the whole curve were moved on a new 
ordinate. 

(2) The inffuence of the iron masses, viz., the furmel and 

ventilators, has restilted in larger deflections in the 
third and fotirth quadrant than in the flrst and second 
quadrant. 



The maximum deflection in first quadrant is 15°. 

„ „ „ second „ „ 12°. 

)> >> >> thir d ,, ,, 19°. 

» » » fourth „ „ 16°. 

If the whole curve were moved lJ-° higher, there woidd be 
equal deflections in quadrants 1 and 2, and also in quadrants 
3 and 4, the maximum deflections being greater in 3 and 4, 
owing to the proximity of the funnel and the ventilator in 
No. 4 quadrant. 

Deflection due to Different Values of TVave-length. 
used in Calibration. — Consider the curve shown in Fig. 96. 

It has been shown that jS varies as sifi 2a (Fig. 93). 

This may be written )3 = A sin 2a, 

where )3 = deflection, A = Tna.-iriTmiTYi deflection, 
a = angle from the ship’s fore and aft line. 
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If a theoretical curve is plotted for the equation j8 = A sin 2a, 
where A = 10° and A = 12°, a marked difference occurs in the 
two values of deflections as indicated in Fig. 96. 

The CTirve a is a typical curve for 1000 m. 

» » 6 „ » 600 m. 


t 

i 

p 


Fia. 96. 



This illustrates the fact that the deflection due to the ship’s 
mass is greater for shorter waves than for longer waves. Thus 
the set must be calibrated on wave-lengths actually to be used 
in practice, i.e. if a set is to be used on 600 m. it should be 
calibrated on 600 m. 

In actual practice the sets are used on 600 m. for ship work 
and commercial coast stations, and 600 m., 706 m., 800 m., and 
1000 m. on American coast and American beacon D.F. stations. 
Numerous tests have given the following results : — 

Calibrations have been made on 800 m., and checks on 600 m. 
and 1000 m. have shown no appreciable error. In one par- 


ticular installation calibrated on 800 m., 
a large number of check bearings were 
made on 600 m., and the maximum error 
was 0-4° and the mean error 0"2°. 

For aU practical purposes a calibra- 
tion on 800 m. holds for all waves from 
600 m. to 1000 m., but a calibration on, 
say, 1000 m. must not be relied upon 
for, say, 450 m. A second curve for 
the low wave-lengths is essential. 



BEARING 150* 


ITO. 97. 


The position is represented graphically in Fig. 97. 


If 160° is the true bearing for 800 m., then the calibration 


7 
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error is very small for aU wave-lengths above this value. Eor 
600 m. the mean error due to a calibration on 800 m. is about 
0*2°. Eor 400 m. and below a calibration on 800 m. is not 
accurate. 

Method of Determining the Quadrantal Error Curve. 
It is not possible theoretically to determine the Q.E. of any 
ship. 

After a large amount of experience it is possible, in many 
cases, to give the approximate maximum dedeotions of the 
quadrantal error curve, but although this knowledge serves as 
a valuable guide in calibrating, the actual measurements must 
be made by comparing the wireless bearing against accurate 
visual observation. 

In some cases it is possible to obtain a fair degree of accuracy 
by taking wireless bearings on a fixed station and plotting the 
position of the ship’s course relative to this station on the chart. 
This method, however, should not be used if it is possible to 
carry out the calibration by using a transmitter on a tender. 

It should be remembered that a direction-finder is an in- 
strument of precision, and fully reliable if properly used. The 
results obtainable from the instrument depend on the accuracy 
and care with which the quadrantal error curve is made, and 
even if time and trouble have to be spent in obtaining a correct 
Q.E., the quality of the results obtained well repays the labour 
expended. The installer should not be satisfied until the Q.E. 
is absolutely reliable. 

Method of Calibrating, using a Mobile Transmitter. — 
The best method of obtaining the data necessary for the Q.E. 
curve is as follows : — 

A tender or tug is fitted with a small transmitter — ^preferably 
a C.W. or I.O.W. set — capable of sending out about 6 to 10 
watts aerial energy. 

The ship which is to be calibrated is held at anchor, and the 
tender or tug caused to steam slowly around her at about 6 to 
6 knots. The wireless bearings are observed at least every 10®, 
or, better still, every 3° or 4°, the limiting factor being the speed 
at which accurate visual observations can be taken. Simul- 
taneously with the wireless bearing, a visual bearing is taken 
from the ship on to the tender. This visual bearing is always 
taken relative to the ship’s fore and aft line. It is best to take 
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this bearing from the standard compass platform. ^<9; 
ings should be read on the scale outside the compass and selative 
to the “ Ivhber line.” ^ Observation is facilitated by making use 
of the azimuth motmted on the standard compass ring. The 
standard compass, in fact, should be used as a pdorvs. 

Where provided on a ship, the pelorus should be set on the 
ship’s fore and aft line, and bearings of the tug should be read 
relative to that line. 

Certain ships are provided ■with a special form of pelorus, 
which is connecbed ■fco the gyroscopic repea'fcer, and gives bearings 
relative •to the true north. In order to -use this type of instmi- 
ment, the repeater dial should be disconnected from the gyro- 



Fiq. 98. 



DOTTED UHE W 
COunSB OF TENDER 


Fig. 99. 


scopio compass and adjus-ted with the 0°-180° scale readings on 
the ship’s lubber line, in which case the bearings of the tender 
relative to the ship’s fore and aft line are read on the 360“ 
compass. 

Figs. 98 and 99 give an idea of the method of calibration, 
as well as of the method of reading the -visual angle between 
the ship’s fore and aft line and the tender. 

The scale of the pelorus is greatly magnified, and no matter 
how the ship swings on i-ts anchor, the angle read on the pelorus 
is always the angle between the 'tender and the ship’s fore and 

^ IniJtib&r Line . — ^This is the line on the ship's standard compass which is 
set on the ship's fore and aft line, and any bearings taken relative to the 
lubber line must in oonseq.ueaoe be relative to the ship’s fore apd aft Hpa 
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MAG N 


aft line, i.e. the angle read is always a relative bearing to the 
ship’s fore and aft line. 

If no pelorus is available, then the following readings shonld 
be taken shnnltaneonsly : — 

(1) W/T bearing. 

(2) Anglo of the tender relative to the standard compass, 

i.e. magnetic north. 

(3) Ship’s head relative to magnetic north. 

Erom (2) and (3) the visual angle between the ship’s fore 
and aft line and the tender is obtained. This entails a tedious 

calculation for each bearing. 

In the example illustrated 
in Fig. 100, ship’s head = 
N. 16 E. = 16® from magnetic 
north. The visual bearing of 
the tender = S. 70 E. = 110® 
from magnetic north. Hence 
the angle between the ship’s 
head and the tender = 95®. 

Arrangements should be 
made to connect up the visual 
observation point on the stand- 
ard compass platform to the 
wireless cabin by means of a bell, controlled from the wire- 
less cabin. As the operator reads the bearing he presses the 
bell, and the visual obseirver (generally the ship’s navigating 
officer) reads the visual bearing. Bearings should be read on 



the 360° compass, i.e. N. 20 E. — 20® 
Tables should be com- 
piled by the wireless opera- 
tor and the visual observer 
from the bearings taken. 

Iliese tables give the deflec- 
tion of the wireless bearing, 
and from this the necessary 
quadrantal error curve can 
be plotted. 

A typical form of table is 
reproduced in Fig. 101. 


S. 16 W. = 196®, etc. 


NUMBER 

CrBEAMNG 

wmSLBGS 

bearing 

VISUAL. 

BEARING 

oii^reRBNcc 

1 

o 

0 

0 

z 

to 



a 

^ 

E4-5 

•♦•4-5 



30 

37 


5_ J 

40 

51 



_ JhlJ 



50 

60 

■HO 

ETC 

60 

66 

+ 6 


Fig. 101. 


Great care must be taken to keep strictly to the sequence 
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of bearings, and if the visual operator cannot take a bearing 
on hearing the bell ring, a mark shordd be made on his bearing 
table indicating that a bearing has been missed. It is very 
advisable to keep in close touch with the visual observer every 
three or four bearings, in order to ensure that the sequence is 
properly kept. If the sequence is lost, the whole calibration is 
rendered futile. 

The wireless operator must make sure that the main aerial 


Foae 



is broken on calibration, and when taking all wireless bearings. 
Otheirwise, bearings o£E the fore and aft line will be drawn 
towards the fore and aft line of the ship, and errors will occur. 

Parallax Errors. — ^Errors due to parallax must be cais^ 
fully avoided, or at least reduced to a minimum. A certain 
amount of parallax error must always be present when the 
frame of the direction-finder and the visual observation point 
are separated from one another. If the distance between the 
D.F. frame and the observation point is less than 10 yds., and 
the tender is 1 mile from the ship, the parallax error is negligible. 
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It may be of interest to consider the specific case of parallax 
error which was experienced on one of the world’s largest 
passenger liners. 

Fig. 102 represents the actual conditions when the Q.E. was 
being tahen. 

The points of visual observation were on the bridge at M 
and N. Owiag to obstruction, no visual observations could 
be made on the fore and aft line. 

The W/T angle obseirved from 0 is a. 

The visual angle observed from M is a + p, where p is the 
parallax error angle. 

Obviously, the parallax error is nil along the fore and aft 
line, reaches a maximum athwartships. Moreover, this 

error is negative from ahead to 
stem, i.e. the visual angle read, 
namely (a + iP)» is greater than the 
a by the parallax angle p, 
"T u 'P i^'^ist be subtracted from 
1 , observed angle. From stem to 

ahead, the visual observer reads 

I angle (j8 — p), while the W/T angle 

— i-|f is )8, so that the parallax error is 

•pjg jQ 3 _ positive, and must be added to the 

observed bearing to obtain the oor- 
srect angle. In the example above, the angle between the fore 
and aft line and the visual observation points on either end of 
the bridge was 6°. 

. Therefore the maximum parallax occurred at 6 + 90° — 96° 
and 270° — 6° = 264°. 

Assume now that the tender is 800 yds. away (see Fig. 103). 
Then 

201 

smp.= 24^ “ 0‘084 and p = 4*8° = 6‘0° approx. 
Ijfiherefore, v .== 6*0 at 90° from line M.O. 


Fio. 103. 


Now consider angle MOT == 
Then MX == 

sinp' = 


30°. 

100 ’. 

100 

2400 


= 0*0415. 
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Therefore, p' ^ 2° 24'. 

= 2-4°. 

For angle MOT = 46°, MX = 142'. 

142 

Then we get sin p" = = 0-069 and p'' = B° 24' = 3*4°. 

The values of the parallax errors are thus as follow : — 

6*0° for 90°, i.e. for (90 + 6) = 96° and (360°— 90°— 6°) = 264°. 

3-4° „ 46° „ „ (46 + 6) = 61° „ (360°— 46°— 6°) = 309°. 

2*4° „ 30° „ „ (30 + 6) = 36° „ (360°— 30°— 6°) = 324°. 

0° „ 0° „ „ 6° „ (360°— 6°) =364°. 

By plotting these values graphically, a parallax error cor- 
rection curve is obtained which can be applied to the visual 
observations so as to get the true visual observations without 
parallax error. This is shown in Fig. 104. 

From all visual readings from 0° to 180° subtract parallax 
error. 

To all visual readings from 180° to 360° add parallax error. 

For example, visual observatiqn = 30° 306° 

parallax 1 = — 2-4° -j- 2*4° 

Corrected visual without parallax = 27-6° 308-4° 

A correction chart for maximum parallax errors for definite 
base lines over distances up to 6 miles is given in Appendix V. 

Simple Rules for Estimating Parallax Errors. 

(1) First measure the distance between the D.F. frame and 
the point of visual observation (say, x feet). This is the base 
line. 

(2) Determine through direct observation the direction of 
the base line joining the D.F. frame and the point of visual 
observation. In this direction the parallax error angle p is 
equal to zero (p = 0). 

(3) The angle p is a maximum at an angle of 90° to the line 
joining the base line, and can be sujQGlciently approximated from 
the formula — 

where p is the distance between the ship and the observed point. 
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(4) at 60° and 130° from the base line ; lies 

at 30° and 160° from the base line. 

(6) Consider one stands in the position of the D.E. frame, 
looking in the direction of the visual observation point, then 

(а) In the right hand semi-circle p is minus. 

(б) „ „ left „ „ jP is plus. 

(6) Visual obseirvation ^ p = corrected visual observation, 
the sign of p being dependent on (6). 

Checking the Quadrantal Error Curve. — ^Every oppor- 
tunity should be taken to check the Q.E. curve, but the checks 
should only be made when the exact position of the ship is 
known. It should be remembered that even with the best 
navigators possible, it is no easy matter to place a ship within 
0*6 °, even by direct visual observation. Consequently, checks 
should, wherever possible, be made when visual observations 
are practicable. In making these checks the following points 
should be very carefully borne in mind : — 

(1) Checks should be avoided at dawn and dusk (see Chap- 

ter X.). 

(2) Checks should be avoided in angles of bad bearing (see 

Chapter X.). 

(3) Checks should be avoided in cases where coastal refrac- 

tion is possible (see Chapter X.). 

(4) Checks should be carried out in all possible cases across 

the sea, and not on a station to which the waves have 

to travel across land and sea. 

Experience indicates that when a check is being made on a 
large W/T transmitting station within visual range, errors are 
liable to occur unless the visual observations are made on the 
centre of the aerial system. The transmitting house is the 
best place on which to make the visual obseivations. 

An excellent method of checking the Q.E. is to ask the W/T 
operator on a passing ship within accurate visual range to 
transmit a few dashes on low power as he approaches, and 
passes, and recedes from the ship on which the D.F. is installed. 

Visual and W/T checks can be made simultaneously and 
recorded on the Q.E. curve. 

Great caution should 1^ taken not to change the Q.E. on a 
few isolated bearings. The best method is to record all check 
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bearings on the Q.E. graph, and then observe how further 
checks lie relative to the Q.E. curve. Should a number of 
check bearings ultimately indicate that the Q.E. curve is in- 
accurate, then the latter must be amended accordingly. Ex- 
perience has shown that the Q.E. curve usually requires very 
little amending, especially if no parallax errors have occurred 
in the original calibration and the calibration was carried out 
by experienced observers. 

The Effect of Compass Errors on Wireless Bearings. 
— As is explained in Chapter VUI., the bearing of a station 
relative to true north is obtained by adding 
the W/T bearing, i.e. the bearing of the 
station relative to the ship’s fore and aft 
line, to the corrected compass bearing, the 
latter being obtained by the compass reading 
db deviation ± variation. Consequently, 
great care should be taken to get an ac- 
curate reading of tiie compass. 

In the case of a g3a:oscopio compass, no 
corrections are necessary. 

With the aid of Fig. 106 , let us consider the~error in com- 
puting the distance due to an error in reading the compass. 

If C = observation point, 

T = true position of the observed object 1 let distance 
T' = False „ „ „ J TT' = a:. 

Therefore a — angle of error on position T. 

X 

mt. • * 2 

Then sm ^ = -3 » 

2 d 


c 



i.e. 

or 

Now. 

and 


X 

2 


= d sin 


a 

2 ’ 


X = d sin a. 
sin 1° = 0-0176 

60 X 0-0176 = approximately 1. 


Thus is derived the simple rule that at 60 miles an error of 
1° in the compass reading gives an error in the ship’s position 
of 1 mile, or an error of 1 km. at 60 km. distance. 

To avoid the chance of error, or to minimise it as much as 
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possible, it is recommended that in all oases where the compass 
is being used to take the ship’s head at the moment of taking 
the W/T bearing, three or four beaxings be taken in rapid 
succession, and a mean value of the D.E. and compass readings 
used. This is specially advantageous when a ship is rolling in 
a heavy sea or slightly changing its course, as the compass, 
owing to its inertia, always lags slightly behind the true bearing 
reading. 

It should be remembered that the deviation of the magnetic 
compass is by no means a constant. For example, if a ship is 
travelling on a long west course, then it builds to starboard a 
north pole and to port a south pole, i.e. the deviation is changed, 
and the error may be quite 1° or 2°, or even greater. This 
emphasises the importance of obtaining astronomical deviation 
checks as frequently as possible, especially if working on the 
magnetic compass and not on the gyro compass. 

The Influence of Ship’s Metal Masses on the W/T 
Bearings. — ^The influence of the ship’s hull and general masses 
has already been dealt with (see p. 93). 

Now consider the effect of the local structures on the ship’s 
deck, e.g. main aerial, ventilators, funnels, and derrioks. Pro- 
vided that these metal structures are below the level of the 
frame ring base, they have no influence worth considering on 
the bearing. 

Tbe main aerial must always be broken when a bearing is 
being taken. In order to prevent a bearing being taken while 
the ship’s aerial is in circuit, a warning lamp is arranged to light 
up when the ship’s aerial circuit is broken on the main switch 
(see Figs. 88 and 89). The operator then knows that an accu- 
rate bearing can only be taken when the warning lamp is burn- 
ing. If the main aerial is not broken, the minimum is generally 
woolly and inaccurate. The influence of the main aerial re- 
maining in circuit is to increase the deflection of the W /T waves 
caused by the ship’s metal mass, i.e. the maximum deflection 
is greater. As much as 6° swing on a bearing has been observed 
on switching the main aerial into circuit. The Tna.-iriTmTm in- 
fluence on the deflection of the incoming wave naturally occurs 
when the main aeiial is tuned to the same wave-length as the 
inconcdng wave. 

In the case of battleships or vessels employing more than 
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one aerial, arrangements must be made for breaking all aerials 
before a wireless bearing is taken. 

Derricks, Stays, etc. — ^All derricks form small closed cir- 
cuits to earth. Arrangements should be made that the frame 
base is, if possible, above these closed loops formed by the 
derricks, the cross-stay and the deck. Usually the derricks are 
at such a distance from the fore and aft line of the ship that 
their influence is small. It should also be remembered that 
when a ship is calibrated the derricks are in a fixed position, 
and the deflections due to the closed loops formed by the 
derricks are accounted for in the Q.E. Should, however, the 
derricks be removed after the Q.E. is taken, check bearings 
should be made in the particular quadrant where the derrick 
was, in order to correct the Q.E. 




Stays. — ^When choosing the position of the D.F. frame, 
nearness to stays should be avoided as much as possible. It 
is specially advised to avoid placing the frame directly under 
the stay as in Fig. 106. Here is shown a completely closed 
loop formed by the stay, the steel mast and the deck. If the 
natural wave-length of this loop approaches either the wave- 
length or a harmonic of the wave-length being received, then 
serious errors are liable to occur. In one particular case the 
actual deflection observed was 45°. 

Insulation of Stays. — ^If no other position is available, 
then the trouble can be surmounted by breaking up the stay 
with insulators. An actual case is illustrated in Fig. 107. In 
this case the influence of the closed loop formed by the stays 
was entirely eliminated. 

TheoreticaUy, it is only necessary to break up the loop at 
one point by means of compression insulators. It is best. 
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however, in Case the stay has a natural frequency which re- 
sonates either to the fundamental, or a harmonic of the incoming 
wave, to break it up into short lengths as depicted in Eig. 107. 

The same applies to any triatics passing over the frame 
and particularly to the triatic from which the vertical aerial is 
suspended. 

Erequently, if the set is on the bridge, steel whistle lanyards 
run within 6 or 8 ft. of the frame. 

These should be broken by small 
compression insulators spliced into the 
lanyards. 

Funnels. — ^If the frame is forward 
of the funnel and within 26 ft. thereof, 
the maximum deflection of the Q.E. is 
greater. From the actual tests repro- 
duced in Fig. 108, it will be obseirved that the further from 
the fuimel the frame is situated and the higher above the 
deck the less is the deflection. 

Ventilators. — ^These are very similar to funnels in their 
influence, especially if they are (1) within 16 to 20 ft. of the 
frame, and (2) above the level of the frame base. 

Ventilators are by far the most difficult masses one has to 
contend with, as they are moving noasses of iron in the near 
vicinity to the frame. Provided that the ventilators are of 
symmetrical type, their influence is allowed for in the Q.E. 




An excellent example of the eflect of two ventilators is 
shown in the accompanying Q.E. taken on S.S. “ Gatun ” 
CFig. 109). 

In the normal installation the curve would have been as 
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indicated by the solid line, but actually the curve was as shown 
by the dotted line. 

Here it is seen that the effect is to increase the deflections 
and to flatten the Q.E. A noticeable effect is that due to the 
main aerial down leads which have caused a flattening in the 
fourth quadrant of about 2® to 3° between 300° and 360°. 
The maximum deflection of 16° in the third quadrant against 
13° in the flrst, second, and fourth quadrants is due to the 
effect of the funnel and the port ventilator. 

Moving Ventilators. — ^This is undoubtedly the most diffi- 
cult problem to be faced if the moving ventilators are large, 
within 12 to 20 ft. of the frame, and unsymmetrical. 

A striking example of the influence of ventilators of this 
type is shown in the accompanying Q.E. (Fig. 110). 
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Fig. 110b. 


P = fimnel. 

Vi and Vs are moving ventilators shown in plan and eleva- 
tion. The lips in this particular case were rotatable and 
unsymmetrical and, moreover, were above the level of the 
bottom of the ring. 

The solid line in the diagram refers to the Q.E. with the 
ventilator lips fanlng forward and the dotted line with the 
ventilator lips facing aft. The difference noted was 6°. 

After a number of obseirvations, and noting the position of 
the lips, it was easy to get the correction within 0-6°. 

In the case of rotating ventilators it is best to mark the 
position of these when the Q.E. calibration is made, and when 
bearings are taken every effort should be made to have the 
ventilators back in this position when D.F. bearings are being 
taken. 
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General Conclusions Relative to Q.E. Curves. — ^The 
general shape of the curve is governed by the distribution of 
the ship’s metal mass relative to the situation of the frame on 
the ship. 

For example, if we consider a frame placed as in Fig. Ill, 
we get the following. 



In 1st and 4th quadrants the metal masses are relatively 
small compared with those in the 2nd and 3rd quadrants, and 
consequently the Q.E. corrections in the first and fourth quad- 
rants are smaller than in the second and third quadrants, as 
shown in figure. 

Now consider the frame as above, but moved off the ship’s 
centre line as in the sketch below. 



The distribution of the ship’s metal mass relative to the 
frame is first quadrant, small mass ; fourth quadrant, fair 
mass ; second quadrant, larger mass ; third quadrant, largest 
mass. 

The general form of the curve would be as given in Fig. 112, 
The above does not take into account any local stnictures. 
e.g. stays, derricks, etc., which, being in the near vicinity of 
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the frame, might alter the general configuration of the given 
curves. However, an excellent general idea of the shape of the 
curve can be obtained in this manner. 

It is to be noted that the higher the frame is raised above 
the ship’s metal masses, the smaller is the maximum angle of 
defiection. 

In one special case of a fairly large oil tanker (8000 tons) 
the frame was mounted very high above the metal deck above 
the chart-room. The result was that although careful checks 
were made, no Q.E. curve was necessary, and bearings were 
exceptionally sharp and ac- 
curate. 

Calibration of Coast 
Stations. — D.F. sets on 
coastal points can be most 
easily calibrated as fol- 
lows : — 

Imagine the set installed 
on a site as in Fig. 113. 

A method of visual ob- 
servation is arranged at the 
D.F. station. An azimuth 
or theodolite will be satis- 
factory. 

The azimuth is set on the true north and south line so that 
0°-180‘’ is true north and south. 

A tender T fitted with a small transmitter is caused to 
steam slowly along a circular course at about 3-4 miles from 
the D.F. set. Simultaneous bearings are taken by W/T and 
visual observation, and the q[uadrantal error curve is plotted as 
shown in Chapter VI. 

If the set has to be used for taking bearings on a number of 
different wave-lengths, e.g. 600-800-1000 m., calibrations should 
be made on each wave-length and separate Q.E. curves drawn 
for each wave-length (see p. 97). 

When actually taking the Q.E., the transmitter on the tender 
can be caused to transmit continuously, and bearings taken 
every 2® to 6°. Provided that two series of observations on 
each wave-length are taken, very great accuracy can be achieved 
in this way. 
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This station can be calibrated in the directions over land 
as described in the next paragraph. 

Calibration of a Land Station. — ^Imagine a D.P. station 
erected on a site such as shown in Pig. 114. 

y Firstly, the frame shoxdd be 

. carefully set in the true north 
1^ and south position (see next para- 
graph). Then the calibration can 
be carried out in one of the follow- 
ing two ways. 

If a really large-scale ord- 
nance survey map of the sur- 
rounding district is available, a 
portable station may be sent out 
on a motor oax to known sites 
— B, O, D, E, P, etc. — which 
can be carefully laid ofE on the map, and provided the 
position of the D.P. frame is accurately known, bearings can 
be laid o£E to these positions. The difference between these 
map bearings and the observed W/T bearings on the B.P. set 
enable the Q.E. curve to be drawn. 

The second method is to obtain maps, either Mercator or 
gnomonic of the district, covering the positions of known W/T 
stations. These positions are accurately laid off relative to 
the D.P. frame position on the 
chart. A comparison is made 
of the W/T bearings and the 
map bearings. Knowing these, 
the Q.E. curve for the station 
can be plotted. 

Method of Setting a 
Frame in the True North 
and South Direction. — Set 
the frame so that the two 
extreme points AA' on the 
one edge cover any distant 
object O. Now, using a compass sight along the line XAA'O, 
note the angle a, i.e. the angle between the line of sight on the 
frame ^d on the distant object relative to magnetic north. 
IiCt this an^e be, say, 62®. Now consider th© magnetic 
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Tadation of tlie plate. If this tie west subtract, and if east, 
add. Assuming the magnetic variation to be W., then 
the angle of the frame relative to true north is 62“ - IS'b* 
= 38 ' 6 “ 

Now, if signals from true north are required to come in 
at zero on frame, the latter must he placed so as to lie on a 
line 90°-270'’ from true north. To do this, it must be set at 
the apparent reading of 38'6“ -j- 90“ = 128'5“. 

Leaving now the frame fixed the whole while, adjust the 
pointer to read 128-6“, and clamp the pointer scale in this 
position. If we then release the hame, it wil lie on the line 
90“-270“ from the true north, and the bearings from tine north 
wl be zero. 



114 


CHAPTER VII. 


I ^XtS OP ROTTAn-lON 
I OF earth 


MAPS. 

Bbpob-e being able to apply direction finding to navigation in 
an intdligent manner, it is essential to understand thoroughly 
the methods of representing the earth in map form. 

The Earth. — ^The earth rotates on its axis N.-S. On 
account of the centrifugal force due to this rotation, the earth 

is flattened towards the poles N. 
and S., thus giving it the shape 
of an “ oblate spheroid.” As 
this flattening is only j^th of 
the earth’s diameter at the 
equator, it can be neglected for 
all practical purposes of navi- 
gation. 

The poles N. and S. are 
known as the' north and south 
poles respectively. 

The equator is a great circle 
joining points on the earth’s sur- 
face equidistant from the poles, 
and divides the earth into two hemispheres. That lying 
between the equator and the north pole is the northern hemi- 
sphere, and “that between the equator and the sou'th pole is 
the sovthem hemisphere. 

The position of any place on the earth’s surface is denoted 
by its latitude and longitude. 

Latitude. — The latitude of any place is its distance from 
the equator, north or south. 

Each hemisphere is divided into 90 degrees of latitude, the 
poles bemg respectively 90° N. and 90° S. latitude. The 
parallels of latitude are circles drawn parallel to the equator, 
and subtend definite angles at the earth’s centre ; thus latitude 
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40° subtends an angle of 40° at the earth’s oentre (see Pig. 117) 
with the plane of the equator. 

All latitudes north of the equator are called mxyrOi laiiPudes 
and shown by letter N., e.g. 40° N. 

All latitudes south of the equator are called south laiitudes 
and shown by letter S., e.g. 21° S. 

Each degree is divided into 60 minvtes, shown thus : 1’. 
Bach minute is again divided into 60 seconds^ shown thus : 1". 
Thus the latitude of London is stated as 61° 0-2’ 0-45" N. 

Longitude. — ^This is the dis- 
tance east or west of a known 
great circle through an arbi- 
trarily fixed meridian, for which 
purpose the meridian through 
the Royal Observatory, Green- 
wich, is employed. All positions 
on the earth’s surface are meas- 
ured east or west of this zero 
great circle. The great circles 
of longitude converge through 
the poles, and are called meri- 
dians of longitude. Thus the longitude of a point on the 
earth’s surface is the angle subtended at the earth’s centre by 
the great circle through that place and by the great circle 
through Greenwich. 

As with parallels of latitude, the meridians of longitude are 
divided into minutes and seconds. 

Meridians are stated from 0° to 180° east and 0° to 180° W. 

Thus the longitude of a point may be written as 10° 52' 
42" E. 

Great Circles. — A great circle is a fine on the earth’s 
surface making the shortest distance between two points on 
the earth’s surface. In other words, a great circle is the inter- 
section of the earth’s surface with any plane drawn through 
the earth’s oentre. 

Any number of great circles may be drawn on the earth’s 
surface. 

The equator is the only parallel of latitude which is a great 
circle, because it alone passes through the earth’s oentre. ALL 
meridians of longitude are examples of grea>t ciroles. 




116 


NAVIGATIONAL WIRELESS 


It should be noted that a great circle cuts the successive 
meridians at different angles (see Fig. 116). 

The difference between the angles of intersection of a great 
circle and two svecessive meridians is Tenmon as the convergency. 

As all •wireless waves -travel over the earth’s surface in great 
circles, it is very important that a clear conception of the mean- 
ing of great circles should be obtained and kept in mind when 
using charts for direction-finding purposes. 

Relationship between Latitude and Longitude. — ^Each 
degree of latitude is di-vlded into 60 minu-tes. The linear dis- 
tance on the earth’s surface corresponding to 1 minute of arc of 
meridian (i.e. 1 minute of la-titude) is known as a ruivtical mile. 
As the earth is not a perfect sphere, this distance varies slightly 
in different latitudes. It is 6045*7 ft., or approzima-tely 1852 
metres, at the equator. 

The variation of the minu'te of latitude varies with the cosine 

of the latitude. We have in -triangle 
COM, 

CM = CO cos a. 

CO = AO (both earth’s radii). 

.*. CM = AO cos a, 

i.e. the radius of a parallel of latitude 
= radius of the equator multiplied by 
the cosine of the la-titude. As the 
circumference of a circle is proportional 
to the radius, we have the 

Arc at any parallel of la-ti-tude = arc at equator x cos a. 

Therefore the minute of latitude at any parallel equals the 
minute of latitude at the equator multiplied by the cosine of 
the latitude. 

To endeavour -to produce a model of the earth’s surface 
suEScien-tly accura-te for na-viga-tion purposes is q-uite impractic- 
able. The only method of reproducing the earth’s surface 
accurately and without distorrfon would be by means of a 
^obe, and even a small-scaled globe would be useless, especially 
for accuracy near a coast fine. Consequently -the earth’s sur- 
face is reproduced in the form of a fiat surface in maps of different 
projections. 
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The two commonly met with in navigation are — 

(а) Mercator projection. 

(б) Gnomxmic projection. 

Mercator Charts. — ^This is the commonest type of chart 
met with in D.F. work, and almost universally used for naviga- 
tion. 

The best way to visualise this type of chart is to imagine a 
transparent globe to represent the earth, and surrounding this 
globe to imagine a cylinder, as in Fig. 119. 

Imagine a light at the point O, the centre of the earth, and 
consider the projection of the globe on 
to the cylinder. 

In maps produced by this method, 
the surface of the earth is drawn just 
as it would appear if projected on the 
surface of the cylinder. 

It is obvious on a projection of this 
kind that — 

(1) All meridians of longitude are 

straight lines equidistant from 
one another. 

(2) All parallels of latitude are 

straight lines parallel to the 
equator. The distances of 
successive parallels of latitude 
vary. 

(3) It is not possible to include the 

poles in this projection. 

(4) A straight line drawn across the chart cuts all meridians 

at the same angle. It is owing to this fact that a 
Mercator chart is so very valuable for navigation pur- 
poses, as a ship’s course can be laid off on the chart 
and the ship navigated to this course without con- 
tinuous change of the setting of the course on the 
chart. 

The projection would appear somewhat as in Fig. 120. 

The scales of latitude and longitude are only the same at 
the equator, and the further a section of the surface is from the 
equator the more it is distorted. This can be seen from 
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Eig, 120. The distances N. and S. and E. and W. axe very 
diSerent. Conseq-uently, any map drawn to the Mercator pro- 
jection is considerably distorted. 



It is only possible to use a fixed scale on places on the same 
latitude. 

The charts are, however, marked with the latitudes in the 
mar gin. These parallels of latitude are divided into degrees, 
each of which represents a nautical mile. Thus, to get a given 
distance on a Mercator chart, it is only necessary to measure 
the distance on the dividers and step it off on the latitude scale 
shown on the margin of the chart. 

Gnomonic or Orthodromic Chart. — ^In this chart all 
great circles are shown as straight lines. 

The optical method which 
gives a good idea of this chart 
can be best understood by refer- 
ence to Fig. 121. 

Imagine a transparent globe 
with a light at the centre O 
and a plane PQRS placed tan- 
gentially to the globe at the 
point X. Now all lines of 
longitude will be projected as 
straight lines. Also, a great 
circle XT drawn on the globe 
will be projected as a straight 
line XY^. This is especially 
important from the direction- 
finding standpoint, as all W/T waves travel in great circles 
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across the globe. The point X where the plane meets the 
globe is called the point of eontad. 

Gnomonic charts can be obtained for various positions on 
the earth’s surface. 


Rhumb Line. — Navigation is usually carried out on rhumb 
lines, that is, a line which cuts successive meridians at the same 
angle. 



GNOMONIC CHART 


Fia 122. — Gnomonic chart. 



MERCATOR CHART 

Eig. 123 .— Mercator chart. 


On the Mercator chart all meridians are parallel lines, and 
as all rhumb lines cut successive meridians at equal angles, 
rhumb lines on Mercator charts are straight lines. On the 
other hand, on the gnomonic chart the rhumb lines are arcs of 
a circle. 

This is shown in Pigs. 122 and 123. 




120 


CHAPTER VIII. 

DIRECTION-ITNIDING APPLIED TO NAVIGATION. 

Bevobb a wireless bearing can be applied to navigation, it is 
necessary to know the direction of the ship’s head at the 
moment the bearing was taken, as aU WjT bearings are relaiive 
to the ship's fore and aft line. It is very important that this be 
clearly nnderstood, as W/T bearings are not true but only 
relative bearings. 

In cases where a ship is provided with a g3rrosoopio compass, 
the compass reading relative to the lubber line gives the bearing 
of the ship’s head relative to true north, and consequently no 
corrections are necessary for deviation and variation to obtain 
the bearing of the ship’s head relative to true north as in the 
case of the magnetic compass. 

Gyro Compass. — Most large ships are fitted with a gyro- 
scopic compass. This is an instrument built on the gyroscope 
principle, and is independent of the earth’s magnetism. It 
consists essentially of a high-speed rotating disc driven by a 
small motor. This compass alwa3^ indicates the bearing of the 
ship’s head relative to true north, and no corrections are neces- 
sary for deviation or variation as in a magnetic compass. The 
slight necessary corrections are issued with the calibrated com- 
pass. It is usual to have a number of 'repeater dials worked 
from the main compass, and generally arrangements are made 
for one of these repeaters to be alongside the wireless direction- 
finder and fised in such a position that the W/T bearing and 
the ship’s head relative to true north can be read simultaneously. 
It should be noted that the correction curves for the gyro com- 
pass are only applicable to the Anschutz type. The Sperry 
end Brown g3?xo compasses have an automatic cosine corrector, 
and consequently the direction of the ship’s head relative to 
true north is always given by the direct reading on the gyro 
compass dial. 
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Tti oases where a ship is only equipped with a magnetic 
compass, one must allow for — 

(1) Magrietic variation. 

(2) Demotion. 

The explanation of this is as follows : — • 

Magnetic Meridian. — ^The earth acts as a magnet. Thus 
any magnet needle, or a S 3 ^tem of needles as used in a magnetic 
compass and uninfluenced locally, takes up a definite position 
such that the north-seeking end points to the magnetic north 
pole. The line drawn in the direction taken up by a magnetic 
needle is called the magnetic meridian at that place. 

It is obvious that this meridian varies for different points 
on the earth’s surface. These magnetic meridians are irregular 
lines on the earth’s surface, converging on the north pole in the 
northern hemisphere, which is approximately 70“ N. and 97“ W. 
and the’ south magnetic pole in the southern hemisphere at 
approximately 72“ S. and 164“ E. 

The angle between the true north and the magnetic north 
at any point on the earth’s surface is the Magnetic Variatimh 
of that place. This variation at any place differs from year to 
year. Its value at any place on the earth’s surface can be 
obtained from Admiralty charts. 

Devia'tion. — ^Due to the magnetism of the ship itself, the 
magnetic compass rarely points along the magnetic meridian, 
but usually slightly to the east or west of it. The angle between 
the magnetic meridian and the needle is the deviation. This is 
east if the north-seeking end of the needle lies to the east of 
magnetic north, and west if the north-seeking end of the needle 
lies to the west of the magnetic north. 

Usually, the greater portion of the deviation of the compass 
due to the ship’s magnetism can be compensated for. How- 
ever, a certain amoxmt is always present, and this must be 
determined and drawn out in a deviation table from which the 
compass reading can be corrected. 

Corrected Compass. — Thus in order to correct a magnetic 
compass reading, allowances for variation and deviation are 
necessary, i.e.. 

True reading = Compass reading ± Variation ± Ueviaticai. 

(True north) = (Magnetic north). 

These corrections ate easily applied. 
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VariaMon . — Obtain this from Admiralty chart — easterly are 
positive and should be added. 

Demaiion . — Obtain from deviation table — westerly are nega- 
tive and should be subtracted. 

Bearings should be converted to 360° scale. To do tbia^ 
proceed as follows : — 


Krst quadrant, N. to E., no change, e.g. N. 10 E. = 10°. 

Second „ E. to S., subt. from 180°, e.g. S. 30 E. = 160°. 

Third „ S. to W., add 180°, e.g. S. 36 W. = 216°. 

Eourth „ N. to W., subt. from 360°, e.g. N. 4 W. = 366°. 


N 



Examples . — 

Ship’s head by magnetic compass 

= S. 87 E. == (180° — 87°) = 93° 
Variation from Admiralty chart 
= 12° E. (positive to be added) = -f 12° 
Deviation from correction table 
= 3J W. (negative to be subt.) = •— 3^° 

True ship’s head (i.e. ship’s 
head relative to true 
north) = 101 J-° 


Ship’s head by magnetio compass 

= N. 12 W. (360° ^ 12°) = 348° 
Variation from Admiralty chart 

= 10° E. (positive to be added) = + 10° 
Deviation from correction table 

=a 2° E. (positive to be added) = -f- 2° 


True ship’s head (i.e. ship’s head relative to 

true north) = 300 “ = o° 

Having now obtained the true ship’s head at the instant a 
W/T bearing is taken, it is quite easy to obtain the direction 
of the transmitting station. 

D.E , set on the ship is calibrated and only gives hetvrvngs 
of ike transmitting staton Ttaiive to like sTtpi^s fore and aft line. 

Consider the example shown in Rg. 125. 

Suppose the transmitting station T gave an C.S.T. = 
58 , i.e. W/T bearing of T relative to ship’s fore and aft 
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line. This is insufficient information to lay off a position line 
through T. 

If, however, at the same instant as the W/T bearing is 
taken the compass reading is made of the ship’s head, and this 
reading corrected for deviation and variation, the true bearing 
of T from true N. is obtained. In 
the above example, that bearing of 
T is 100° from true N. 

If the latitude and longitude 
of the station T is known (these 
positions can be obtained from the 
Admiralty List of Wireless Signals), 
there is now sufficient data to lay 
off a position line through T, and 
thus to orient the position of the 
ship. 

In this example, if is assumed 
that the distance ST is less than 100 miles, and no correction 
has to be made for convergency. 

Thus arises the rule for bearings at distances up to 100 
miles, that in order to get the position of the station relative to 
true north. 


SHIPS HO CORPeCTEO 
FOR OEVIA-riON 8k 
VARIATION 



bearing 

(corrected by q e*) 


1 ^ 


Fig. 126. 




Bearing relative to True North + /S Bearing relative to True North **= a + /g 

« 45 » + 130 ® 340 ® + 246 ® - 685 ® 

=• 176 ®. = 685 ® - 360 ® « 226 ® ^ 

add the corrected WjT bearing to the true ship’s head {i.e. ship’s 
head rdaUve to true north). 

Therefore, true bearing of station = (W/T bearing ± Q.E.) 
+ Magnetic compass reading of ship’s head db Variation 
it Deviation. 
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Should the ri^t hand of equation be greater than 360°, to 
obtain the bearing subtract 360° from the result. 

The most usual case of W/T bearings applied to navigation 
occurs when the direction of a single station relative to true 
north is obtained as shown in Eig. 125, and the ship’s position 
is either known from astronomical bearings, or — ^if these have 
not been possible for some time — from the ship’s “ estimated 
position ” obtained by dead reckoning. This permits a position 
line to be laid off from the transmitting station, whose position 
on the chart is known to a very high degree of accuracy. This 
is partioularly the case where a ship is provided with a gyro- 
scopic compass, and no corrections have to be made to obtain 
the true north. If, however, a magnetic compass is used it is 
quite possible for errors to arise. This is frequently the case 
where no sights have been possible for a few days and the ship 
is steering on dead reckoning. In these cases it is quite possible 
for the dead reckoning positions to be inaccurate, and conse- 
quent wrong corrections for deviation and variation made. 
This may lead to quite large errors in the working out of the 
ship’s position (see p. 106). 

Cross Bearings. — ^Thia is quite a common case met with 
at sea. W/T beatings are taken on two or more known W/T 

transmitting stations, and 
the position of the ship can 
be fixed from these bearings. 

In general, it is to be 
noted that the stations on 
which cross bearings are 
taken give the greatest ac- 
curacy when the angle be- 
tween the two stations using 
the ship as the apex, i.e. 
TiOTa in Eig. 127 is 90°. 
Great accuracy caomot be 
espected if this angle is less 
than 30° or greater than 160°. 

Two cases must be considered : — 

Case I. — Where B.E. observations are taken so rapidly on 
the "W/T stations that the distance covered by the ship between 
olwervations is negligible. This is illustrabed in Eig. 127. It 
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is to be noted that the exact positions of the two transmitting 
stations are known. The navigator reads the ship’s head and 
corrects for deviation and variation. 

Exa/mple . — 

Ship’s head read by the magnetic compass =35° 

Variation obtained from Admiralty chart = 10° E. 

Deviation obtained from correction table = 2° E. 

True ship’s head or ship’s head 

relative to true north 

W/T bearing of Ti read on D.F. set = 286° 

Correction from Q.E. curve for 105° = — 3*6° 

W/T bearing of Tj relative to ship’s 

fore and aft line = 281*6° 

Thus Bearing of Tj relative to true north = True ship’s head 
+ Corrected W/T bearing. 

= 47° -I- 281*6°. 

= 328*5°. 

This gives position line T^OX from transmitting station Tx. 
Further : — 

W/T bearing of Ta read on D.F. set = 230° 

Correction from Q.E. curve for 230° = + 9*6° 

.*. W/T bearing of Ta relative to ship’s fore and aft line = 239*6° 

i.e. bearing of Tg relative to true north = true ship’s head 
+ corrected W/T bearing, 

= 47° + 239*6°. 

= 286*6°. 

This gives position line TaOY from transmitting station 
Ta where these two lines intersect at O in the ship’s 
position. 

{Note. — In the above example the distances TxO and TaO 
have been assumed to be less than 100 miles, and therefore no 
convergency has been considered. 


= 36° 

= + 10 ° 
= + 2 ° 

= 47° 
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Case n. — CSross bearings on two stations with an appreciable 
time interval between the reading of the two bearings. 

This is a case frequently met with in practice. 

As in the previous case, the position line of Tj is found 
and drawn as TiA (see Eig. 128). Now imagme the ship 
to be traveUing on an easterly course with a speed of 16 miles 
per hour. Then, if the bearing on Tj is taken 4 minutes after- 
wards, the ship has actually travelled ^ X 4 = 1 mile, say, 
to position B when the bearing on Tg is taken. 

Now lay off the position line through Tg. This gives the 
ship to be in the position Oi, which is incorrect. 




Through B, i.e. the distance travelled by the ship in the 
interval between the taking of bearings, draw a parallel to 
TiOiA. 

Where this outs TgOi, i.e. at Og, is the ship’s position. 

Allo\ran.ce must be made in plotting the direction of the 
ship’s course for wind, currents, tide, etc., and the compass 
reading alone must not be taken to represent the comse. 

Case III. — Gross bearings on three fixed stations with an 
appreciable interval of time between the readings of the three 
beacmgs. 

Suppose tibe ship to be travelling due west. Let the bearings 
on Ti, Tg, and Tg be as foEows : — 
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Having duly corrected the bearings, i.e. both compass and 
W/T bearings, lay off the position lines on Ti Tg and T3 as shown 
in Fig. 129 . 

IDiis gives the cocked hat fix, and it is normally assumed that 
the centre of the “ cocked hat ” is the fix. 

Now, knowing the sequence in which bearings were taken, 
and the course of the ship, lay ofi line XY, cutting the position 
lines of Tj, Tg, and Ts in such a way that t^ = 4 , and tz = 5 . 
This gives the actual positions, i.e. t^, of ‘the ship at the 
times the bearings were taken. 

Note that none of these fall within the ** cocked hat ” 
position. 


Case IV. Several Bearings on One Transmitting 
Station (a Running Fix). — ^This can be considered a par- 


ticular example of Case H. 

Assume a ship to be 
travelling as in Fig. 130 , 
and a transmitting station 
to be situated at T. 

A bearing is taken which 
gives position line ToA. After 
the ship has travelled a known 
distance, a second position 
line T6B is obtained. Ac- 
tually, the ship’s distance — 
travelled when the second 
beating was taken is aC. 


AT 



Fra. 130. 


Through C draw a paxall^ 

to position line TaA. This gives true ship’s position at O. 

The distance travelled by the ship should not be too aTn».11, 
in order to ensure great accuracy. Thus tbia method is not 
too reliable for long-distance bearings. 
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Case V. — ^A very convenient case, which gives both the 
beaaing and the distance, is shown in Eig. 131. 

If the ship is proceeding 
along a course XY, and a 
bearing on T gives a position 
line Ta such that angle Ta6 
— 45°, and a position line T6 
gives angle T6Y = 90°, then 
in the 45° triangle Tab, T6 
= ab, i.e. distance travelled 
between bearings. 

Case VI. — Changing a 
Course on D.F. Bear- 
. ings.— If the ship is travel- 

hng on a course XY m fog, and it is known that when the 
tcan^tting station T is 160° from true north the course may 
be altered to roimd the bend, the following case arises 

Ship’s course relative to true north = 75°, 

Now it has been shown that — 

Bearing of the station relative to true north = True ship’s head 

+ W/T bearing -f- Q,E- 
160° = 76° + W/T bearing + Q.E. 

.*. W/T bearing + Q.E. = 86° from ship’s head. 


LAND 








Thus, whjen W/T bearing -f- 
oJiaiige coiirse* 


TRUE N 
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Again, the course may be altered when T lies 160® from true 
north. If the ship’s course in this case is 280°, then — 

Bearing of station relative to true north = True ship’s head 

+ W/T bearing + Q.E. 

160 = 280 + W/T bearing + Q.E. 

As the result would be negative, 360° must be added to the 

station bearing, 

i.e. 620 = 280 + W/T bearing + Q.E, 

W/T bearing + Q.E. = 240° from ship’s head. 

Thus, when the W/T bearing + Q.E. on Ti is 240° from 
the ship’s head, the ship can change course. 

The Use of D.F. Installations to Avoid Collisions at 
Sea. — If in fog a ship A fuads that W/T bearings on a ship B 
are at 0°, then there is a grave danger of 
collision. To avoid this, continuous watch 
should be kept on the D.F. set to note that — 

(а) Position of B is not always 0°. 

(б) Signal strength does not increase. 

If watch is kept on the bearings, it is 
possible by taking a “ sense ” bearing to see 
whether the ship is drawing ahead or astern. 

In case of doubt, the course of B should be ascertained by a 
W/T call from A. 

In danger of a collision, it is only necessary for A to change 
course so that B comes on the port bow, and when B has passed 
A can resume her normal course again. 

An excellent method in fog would be for ships to be fitted 
with small power C.W. sets, say 10 watts, automatically sending 
out the call sign of the ship ; wave-lengths, say, from 600 to 
1000 m. being allocated to various ships. If these transmitters 
were allowed to run continuously, they would have no influence 
on normal traf&c, and would be a very valuable asset to avoid 
collision in foggy weather. 

Ships in Distress. — The quickest and safest method to 
succour a ship in distress is to get her to send frequently on her 

9 




130 


NAVIGATIONAL WIRELESS 


W/T installation, and to vsteer so that her bearing is 0° from the 
ship. The position sent out by the vessel in distress is by no 
means reliable, and much 'more reliability can be placed on 
finding the vessel by using the D.F. apparatus. 

Early in 1926 the President Rooseveldt ’’ was able to 
locate the sinking steamer Antinoe ” by this means. 
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CHAPTER IX. 

HALF-CONVERGEINOY. 

W/T Bearings on Distances above 100 Miles. — ^Tn all 
previous examples, it has been assumed that the distance over 
which the bearing was taken was less than 100 miles. This 
assumption was made to avoid having to consider half-con- 
vergency. 

W/T bearings on dis- 
tances of over 100 miles 
will now be discussed. 

The navigation is nor- 
mally carried out on Mer- 
cator projection charts (see 
Chapter VII.). On these 
charts it is seen that great 
circles are in curves, while Fio. 135. 

the rhumb lines are straight lines. 

Consider Fig. 135 and the result of taking bearings at a long 
distance, say, 1000 miles. 

T = transmitter. R = D.F. receiver. 

Actually, the W/T wave travels along the great circle path 
TR. The apparent direction is, however, given by the tangent 
at R along the great circle, i.e. by the line RD. Thus the ap- 
parent position of T is at D, an error of about 4° at 1000 miles. 

The angle DRT is equeil to one-half the difference between 
the angles of intersection of the great circle with the meridians 
at R and T, and is called the hdf-convergency. 

This half-convergency is dependent on : — 

(a) Direction of hearing. 

(b) Difference in tongilmde between transmitt&r and receiver. 

(c) Latitude. 
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Bearings taken on stations which are north and south of 
one another, or approximately so, have little or no haJf-oon- 
vergency correction. 

Maximtnp. half-convergency angles occur when bhe trans- 
mitting and receiving stations both lie in the same east and 
west lines. If both transmitting and receiving stations are 
situated near the equator, or if the mean latitude is the equator, 
then the half-convergenoy angle is very small. 

Eig. 136 represents a t 3 q>ical case of bearings taken by great 
circle and rhunnb line. 

Angle NRG = a = Great circle bearing of T from R. 

„ NRP = a' = Rhumb line bearing of T from R. 
a' — a — tjs = Half-con vergency. 



Fio. 136. — = Receiver. T = Transmitter. RGT = Great circle 
bearing. RPT = Rhumb line bearing. NS and N'^S'' = Meridians through 
R and T respectively. 


There are various ways of calculating the value of the half- 
convergenoy angle, the accuracy of which is dependent on the 
distance between the transmitting and the receiving stations. 
This may be obtained from the difference of latitude between 
the transmitting and the receiving stations, and the difference 
in the longitude between the transmitting and the receiving 
stations. 

The general formula for obtaining the half-convergenoy is — 


{ Half difference in longitudel 
between transmitter and V X -! 
receiver J 


fSine mean latitude] 
between transmitter 
and receiver. J 


Eor further details, see Appendix LV. 

This half-oonveigency can be calculated out each time, but 
jji is a tedious process. To avoid this, a scale such as shown in 
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The Great Circle is always concave to the eqvutor. — Know- 
ing this, wo can find the sign of the half-convergenoy correction. 
Consider the following diagrams. 


rhumb L.lNe aCARlNG 

CONVERGEMCV 



li • RHUMB UNE BE/KRlNG 
W-HALF CONVERGENCY 



RHUMB UINE BEARING 
y« HAL.F CONVERGEHCV 



RHUMB UtNE BEARiHO 
H'^HAl.F CONVERGENCV 



Fig. 138. 


Erom an examination of the diagrams the following rules 
are obtaiaed : — 


Case. 

Mean latitude. 

Position of trons- 
mitting station 

Civen Rhumb 
Line, to convert 
to Great Circle 

Given Great Circle, 
to convert to 
Rhumb line 

I. 

North 

W. of D.F. 

Add 

Subtract 

n. 

South 

99 99 

Subtract 

Add 

ni. 

North 

E. of D.P. 

99 

99 

IV. 

South 

99 

Add 

Subtract 


All bearing should be expressed in degrees east of north 
(i.e. on 360“ compass) before appl 3 dng the half-convergency 
correction. 
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EXAMPLE OF THE APPLICATION OF THE HALF- 
CONVERGENCY CORRECTION TO A W/T BEARING. 

Case I. Position Line from a W/T Bearing on One 
Station. — Suppose a bearing on the transmitting station T 
taken on the ship S gave 75 °, i.e. after all corrections for 
deviation, variation, etc. (Fig. 139). 

Now suppose a position line from the transmitting station 
T is drawn, and the half-convergency neglected, then the ap- 
parent (incorrect) position of the ship is.Si. 

Correcting for half-convergency gives the true position S. 

Case II. Position Lines from Two Stations (i.e. a 
Fix) appl3ring Half-convergency. — ^Imagine W/T bearings 
taken from the ship S on the 


transmitting stations Tj and Ta. 25 *+ fc / 



Fig. 139 . Fig. 140 . 


Ijet corrected bearing, i.e. converted to true north, be 26° on 
Ti and 75° on (Fig. 140). 

Neglecting the half-convergency corrections and laying off 
the position lines on T^ and Ta, the ship’s position is given at 
S, which is incorrect. 

The distance between the false position and the true position 
will be dependent upon the accuracy with which the half- 
convergency correction is used, and the distance of the ship to 
the transmitting stations Ti and Ta, even provided aU other 
factors are absolutely accurate, i.e. W/T bearing positions of 
Tx and Ta on the chart, calculation of the ship’s head from true 
north, and corrections for deviation, variation, etc. 

Thus one sees that besides being a tedious process to orimit 
a ship by two cross bearings, the accuracy at long distances, 
say over 500 miles, cannot be entirely relied upon, and the 
bearings on long distances should only be looked upon as useful 
checks to navisaidon. 
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CHAPTER X. 

OTHER EFFECTS ON BEARINGS. 

Effects of Neighbouring Aerials. — It is obvious that 
wherever the D.F. set is installed on the ship, the frame must 
be below the level of the ship’s main aerial. 

If the main aerial or, in the case of battleships, any aux- 
iliary aerials, are tuned to or near to the wave-length of the 
station on which bearings are being taken, then the D.E. 
bearing will be hopelessly incorrect. Tests show that an aerial 
tuned to the same wave-length as that which is being received 
on the D.F. set will, even at 150-200 yds. from the frame, alter 
the bearings by 0*6°. Thus, although it is not possible to take 
a bearing on a ship and receive at the same time on another 
aerial on the ship, yet any passing ship which is more than 200 
yds. distant, even when ttmed to the wave-length being taken 
on the D.F. set, will not materially influence the bearing. 

Provided, however, that the ship’s receiving aerial is tuned 
to a wave-Ier^h differing from that being received on the D.F. 
set by a wave-length difference of more than 30 per cent., then 
the influence on the D.F. set is less than 0*6°. However, the 
safest and surest method to ensure that the D.F. bearings are 
not influenced by the ship’s other aerials, is to arrange that 
while the D.F. bearing is being taken, all the ship’s other aerials 
are broken and insulated. This is provided for in the ship’s 
installaHon (see Chapter V.). 

Coastal Refraction (Bad Bearing Angles). — It is well 
known that when a light wave travels from a medium of one 
density to another medium of a different density, there is an 
apparent bending of the light rays. This is termed refraction. 

Imagine a light ray to travel through air to glass. The ray 
is bent from its original direction as showm in Fig. 141. On 
emerging &om the glass (i.e. the medium of heavier density) to 
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W1 

the air (the medium of rarer density) the ray taJtes up its 
original dhreotion. 

Similarly, refraction occurs of wireless waves over sea and 
Ta.nH - The velocity of waves over sea is at least 2 per cent, to 
6 per cent, greater than over land. Thus there is apparent 
deflection of 6he wireless waves near the coast. 

LAND 


Fio. 141. 

This is of special importance in taking a bearing at sea on 
a coast station, particularly if this station is situated somewhat 
inland. 

Imagine conditions such as in Fig. 142. 

Here is shown a condition where ilie waves from a trans- 
mitter T, l 3 dng at a distance inland, travel partly over land 
before travelling over the sea. 

Imagine a receiver on a ship at A . Here the angle that the 
wave makes with the coast hno is approximately 90°. 

In this condition there is no refraction. At A' there is a 
false bearing by an angle and at A" by an angle jS". 

The variation of this angle, 
due to coastal refraction, may 
best be expressed in the form of 4 
the accompanying graph. 3 

Thus, for really accurate D.F. a ^ 
work on coastal stations, the best t 
arrangement would be for the ‘ 
transmitter to be placed on a ° 
lightship, so that there would 
be a homogeneous medium be- 
tween the transmitter and receiver, and coastal refraction 
errors would only occur with bearings taken from points where 
the line joining the lightship and the H.F. receiver passed over 
projections from a broken coast line. 



to &0 30 <40 50 60 TO ao so 

o< 


Fig. 143. 
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Bad Bearing Angles. — Experience over long periods, 
and restilts of numerous bearings, bave shown that around 
certain coast stations there are definite regions in which bad 
bearings are alwa373 a possibility. In order to avoid the risk 
of uncertain bearings, maps have now been prepared of well- 
known W/T stations used largely on D.F. work showing defin- 
itely what areas are bad bearing angle areas. 

An example is given in Fig. 144. 

When a bearing is taken on a station in a region definitely 
known to be a position of bad angle bearing, the navigator 
should be informed of this and that the bearing can therefore 
only be taken as approximate. 



Errors due to Land Between Transmitter and Re- 
ceiver. — ^It frequently occurs that bearings must be taken on 
a station situated as shown in Fig. 145. 

Frequently bearings so taken are a few degrees out due to 
the refraction of the waves on the land masses. 

In a series of tests conducted at Orford in Janxiary, 1920, it 
was noticed that while bearings on Flamborough and Berwick 
remained fairly constant both by day and night, i.e. the maxi- 
mum deflection from the true bearing did not exceed 2°, the 
bearings on Malin Head, i.e. somewhat similar conditions to 
those in Fig. 146, varied as much as 3° by day and 1 ° by night 
from the true bearing position. 

Night Effect. — Experience has shown that by day, i.e. 
during the period from one hour after sxmrise to one hour before 
srmset, W/T bearings can be arelied upon as a really valuable 
aid to navigation. The average error during the day does not 
as a rule exceed 0'5®, provided that bearings are taken under 
normal conditiox^, i.e. free from coastal refraction, bad angle 
conditions, and so on. 
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By night, however, this is by no means the case. The 
apparent bearings may be very inaeourate. To tate a specific 
example : The bearing from Orford W/T on lizard W/T by 
day was correct to 0-6°, but by night the error was consistently 
1° to 9°. 

Sometimes the wanderings of the bearings by night are 
exceptionally rapid, and it is quite possible for an experienced 
operator to follow them on a good D.F. set. 

This wandering and changing of bearings by night is called 
nigM effect. 

Influences on Night-effect. — ^It is dependent upon — 

(1) The nature of the country over which the waves travel. 

(2) The distance between the transmitting and the receiving 

stations. 

(3) The wave-length used. 

(4) The type of transmission, i.e. whether Spark, C.W., or 

I.C.W. 

(o) The " night-effect ” is more noticeable over land than 
over sea. 

(b) Night effect commences at distances of about 20 miles, 
reaches a maximum at about 300 miles, and over very long 
distances is practically nil. 

(c) With short waves (i.e. waves below 100 metres) the 
“ night-effect ” causes big defiections of bearings, and these 
defieotions of bearings occur very rapidly. 

Waves under 100 m., which will give very accmate bearings 
by day, are liable to such rapid changes by night that it is 
quite impossible to obtain even an approximate bearing. 

With wave-lengths from 800 m. upwards, there is little 
difference in the deflection of the bearings due to “ night-effect.” 
The waves which are most influenced by “ night-effect ” are 
short, pure C.W. 

(d) During the day the best bearings can be obtained on 
pure C.W. or I.C.W. , while by night I.C.W. or Spark give leas 
deflection. For working of D.F. throughout the twenty-four 
hours, I.C.W. gives the best results, and has the advantage that 
it ruay be very sharply tuned, and so does not jam other trans- 
mitting stations. 

Observations in the homrs of darkness on I.C.W. of 1000 m. 
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wave-length at distances of over 100 miles show maximum 
deflections ±6° from the true bearing. By taking mean bear- 
ings this gives an error of ± 3°. 

A lypical example of “ night-efEect ” on a bearing is given 
in the following curve. 

The true bearing in the above example is 267°. 

One sees that the bearings are liable to wander on either 
side of a mean reading ; which wandering may be quick or 
slow, and, in any case, the minima are liable to grow “ woolly.” 

If a mean is taken of the maximum and minimum readings, 
the error is not laige. 



In the case of “ night-efEects,” which are always easily 
recognisable by the wandering of the minimum and the value 
of the coupling between the frame and the vertical aerial over 
specific values either side of the mean value, it is recommended 
that as large a number of bearings be taken as possible, when 
the mean bearing will generally be very nearly correct. 

-It is noticeable that over long ranges “ night efEect ” is not 
observed. 

This has been investigated theoretically in a recent paper 
by T. L. Eckersley, who gives the following explanation of 
“ night-eflEect.” 

Polarisaticm ,. — Imagine a source of vibrating electrons as in 
I^g. 147, such as a flame. 

Erom such a source wav^ can be imagined to be emitted 
in every possible plane, i.e. if a sphere w»e drawn about the 
source, waves would be Impinging on the spherical surface at 
every possible an^e. 
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Suppose that all the vihratious emitted from our source 
were along a plane at right angles to the paper and along the 
liTift AB. Then these vibrations would be considered to be 
^larised along a horizontal plane. 

If, on the other hand, the vibrations were in a plane at right 
angles to the paper and along the line CD, they would be ver- 
tically polarised. 



Bt.ECTRIC 



Fig. 148. 


Now, in all wireless transmissions the following may be con- 
sidered to represent the method of propagation of electric waves. 

A wave-front has two vectors at right angles to the direc- 
tion of propagation — the electric vector, which is polarised 
vertically ; and the magnetic vector, which is polarised hori- 
zontally (Fig. 148). 

Normally, the magnetic vector is parallel to the earth’s 
surface, and the electric vector 
perpendicular to the earth’s 
surface. 

Consider Fig. 149 and im- 
agine waves travelling from 
A to B. These, in normal 
conditions, would travel along 
two paths— 

(1) Direct path, i.e. with the magnetic vector parallel to the 

earth’s surface. 

(2) Reflected paih, i.e. with the magnetic vector not parallel 

to the earth’s surface. 

Theory of Night Bffect. — Under normal conditions at a 
distance of 100-200 km. distance between A and B, as much 
energy from the reflected ray would reach B as from the direct 
way. The reflected ray makes an an^ of something like 45** 
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with the earth’s snrfaoe. Observations show that such high 
angle reflection is not present during the day-time, and the 
Tnfl.TrimnTn an^e IS about 3® to 4°. 

This phenomenon is esplained by assuming that the layer 
acts as a good reflector for small angles of incidence and a very 
poor reflector for normal incidence. A layer of ill-defined tmder 
surface would act in this way. 

A good method of differentiating between day and night 
bearings is to work on the following assumptions. Consider 
Kg. 160. 

l!lay Tr ansmi ssion. — This is confined to the space between 
the earth’s surface and the lower conducting layer. This layer 
may be considered as impervious to long wireless waves, i.e. to 
waves of the order of over 100 m. 
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Night Transmission. — At night the ionising agent, i.e. 
the sun’s y (“ Gamma ”) rays, is removed and a recombination 
of ions causes the lower layer to disappear and the upper layer 
then com^ into play. 

This upper layer has a very much more defined under- 
surface than the lower layer, and can reflect wireless waves at 
much greater angles of incidence than those which exist in the 
daytime. 

Consider a frame D.E. aerial at B. 

By day the reception is chiefly due to the direct rays which 
have the ^ectric vector polarised vertically and the magnetic 
vector horizontally. 

Tie reflected rays, due to the absorption of the lower 
reflecting layer, do not exist to any appreciable extent. Con- 
sequently, relatively sharp bearings ate obtained. The reflected 
rays do exmt to a certain extent, but in insuificient strength to 
influenoe the beaiii^. Their effect is to cause the bearings to 
be less sharp. This can be shown by takh^ a frarruQ which is 
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capable of rotation about a vertical axis and also capable of 
tilting about a horizontal axis. 

On using a frame of this nature, a bearing can be obtained 
which may or may n6t be sharp when the frame is turned about 
the vertical axis. If the minimum of the bearing is broad, 
and if the bearing given by the vertical axis rotation is kept 
constant, and the frame tmned about a horizontal axis, the 
minima can be made very much sharper. Moreover, on obser- 
vations on constant transmitting stations, it has been noticed 
that when there have been large ionised thunder clouds between 
the transmitter and receiver, the bearings have shown a strong 
tendency to flatten and wander slightly. This is almost cer- 
tainly due to the reflected ray being relatively strong in com- 
parison with the direct ray. As soon as the clouds have passed, 
conditions have again become normal. 

In general, however, it can be assumed that by day our 
reception is due almost solely to the direct ray. 

By night, however, entirely different conditions arise. The 
upper reflecting layer is more pronounced, and besides the 
direct ray there exists a relatively strong reflected ray. 

Imagiae, as is shown in Fig. 151, that the direct ray is 
represented by AB with its magnetic vector polarised hori- 
zontally. Then, with the frame at B, perpendicular to the 
plane of the paper, there would be no signals. 

If, however, a reflected ray A^B is present, then BM^ may 
be considered to be the direction of the magnetic vector, the 
electric vector being perpendicular to the plane of the paper. 

Now, if an endeavour is made to receive signals at B, 
signals due to the component of the reflected ray A^B are 
received. 

The actual position of the minimum recorded by the frame 
will depend on : — 

(1) The relative intensities of the direct ray AB and the 

reflected ray A^B. 

(2) The relative phases of the direct ray AB and the reflected 

ray A^B. 

The absolute maximum error would occxir if the reflected 
ray were very strong relative to the direct ray and polarised 
so that the magnetic vector were vertical, and the electric 
vector horizontal. 



144 


NAVIGATIONAL WIRELESS 


Thus by day the result would be as shown in Fig. 152a, i.e. 
only the direct ray would be present, and by night a combination 
of the direct and reflected rays, as shown in Fig. 152b, would 
accrue. 

Conditions- for Presence of “Night-effect.” — ^The con- 
ditions for distortion in bearings due to “ night-effect ” are : — 

(1) That the reflected ray should make an appreciable angle 

with the earth’s surface (i.e. high-an^e reflection must 
be present) - 

(2) That there should be a component of the magnetic vector 

polarised in the vertical plane. 

If either of the above factors is 
absent, then no distortion is due to this 
cause. 

In daytime — due to the ill-defibaed 
lower layer — high-angle reflection is not 
possible, and thus there is no distor- 
tion of bearings due to this cause. 

Night-effect over Long Ranges. 
— Esperimental evidence shows that for 
distances of 500 miles and over, “ night- 
effect ” is practically nil. 

By reference to Fig. 150, and by 
assuming A and B to be, say, 1000 miles 
apart, the absence of night effect may 
be explained. At long ranges the direct 
ray only is received. This is due to the 
fact that the reflected ray is reflected a 
large number of times in travelling between the earth’s surface 
and the upper reflecbing layer. At each reflection this ray loses 
a certain percentage of energy, till at long distances its effect 
on the receiver is negligible, and consequently there is no dis- 
tortion in the bearing. 

The “ woolly ” nature of minima when " night-effect ” is 
present is well known. This can be accounted for by the fact 
that the component due to the reflected ray is a variable and 
constantly changing quantity dependent upon the variation in 
he^^t of the reflecting layer, and the angle of polarisation of 
the nmgnetiG vector. 
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CHAPTER XI. 

BEACON STATIONS, SOUND SIGNALLING AND ECHO-SOUNDINQ 

DEVICES. 

General. — ^In the most critical time from the navigational 
point of view, i.e. in fog, most aids to navigation fail, e.g. 
lightships, beacon stations, lighthouses. Moreover, sound 
methods such as fog-horns are very uncertain and inaccurate 
aids to navigators in the case of fog. Even experienced 
navigators have been known to have judged wrongly the 
direction from which the sound came. In modem navigation, 
it becomes imperative to give the navigators as many 
accurate aids as possible. As wireless direction finding is 
independent of weather conditions, it offers an excellent 
method of assisting navigators. There are, however, some 
obvious drawbacks to this method : — 

(1) It may not be possible to take bearings on a particular 

station or on particular stations owing to the fact 
that they are not working. Then it is possible that 
a nu m ber of ships will all want the particular shore 
station, especially in fog. This may possibly lead to 
chaos. 

(2) Owing to jamming, it may not be possible to hear the 

desired W/T station. 

(3) In order definitely to differentiate between any two 

stations transmitting in the normal way, a knowledge 
of Morse is essential. This means that D.F. will be 
in the hands of the W/T personnel, and the navigators, 
unless they possess a working Imowledge of Morse, 
must be dependent on the W/T personnel for the 
accuracy of their bearings. 

(4) No matter how accurate the wireless bearings may be 

. 10 
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they can, at present, only give a definite direction, and 
nnless it is possible to arrange a fix on two or more 
stations, or to work on a number of bearings on one 
station, it is not possible to estimate the distance 
between the transmitting station and the receiving 
direction finder. 

The importance of the application of direction finding to 
navigation has been well invesiagated in recent years, and now 
special wirdLess beacon stations are established in U.S.A. in 
the congested waters going into New York, and a chain of 
W/T beacon stations is being laid down in Grermany to assist 
in the navigation of ships making the Weser or the Elbe. 

The principal American beacon stations are placed at 
Nantucket, Eire Island, and Ambrose Light-vessel. 

Tbie German wireless beacon stations at present working 
are at Borkum Riff, Nordemey, and Elbe. Further stations 
are being erected at Amrum Bank and Weser. 

Wireless beacon stations should be built with the following 
considerations : — 

(1) They should be so arranged as to work as nearly con- 

tinuously as possible. This eliminates (1) in the 
drawbacks to beacon stations. 

(2) They should not be of too great a power to cause 

jamming, either of other ships working, or of one 
another. This means that if a spark system is used 
for transmission, it should be a system with a small 
damping. In view of modem research on wireless 
bearings and the comparative accuracies of bearings 
on spark, C.W., and modulated C.W. systems, it is 
highly probable that modtilated C.W. is the best 
system to use. 

(3) If these statioi:^ send a characteristic call, then they 

can be easily recognised after a little practice by anyone 
without the knowledge of Morse code. Tbia eliminates 
(3) in the drawbacks to beacon stations. 
Sound-signalling Apparatus (for Estimating Dis- 
tance). — In order definitely to determine the distance of a 
ship from the beacon station, a system of sound signalling has 
been established on the Borkum Riff li^t vessel. This system 
is worked in conjunction with the D.F. gear as follows : — 
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SimultaneoTisly with the W/T transinitter sending out twice 
its call sign, say — * * *, the sound transmitter sends out its 
call sign of — ’ * *. Also, the W/T transmitter follows its call 
sign with a series of dots. The time between each dot corre- 
sponds to the time taken for sound waves to travel a distance 
of 1 sea mile in sea water. The W/T signal can be taken as 
being heard instantaneously, while the sound sigTinl takes a 
definite time to travel through the water. The person operating 
the D.E. and sound reception gear on the ship hears first the 
W/T signal, followed by a system of dots. He counts the dots 
until he hears the sound signal. The number of dots counted 
gives the distance in sea miles of the ship from the transmitter. 
This can be easily understood from Fig. 163, which shows the 
system of signals at, say, 10 miles. 


I 



1 

2 

3 

4 

5 

6 

7 

8 

9 IIP 

II 

12 

13 

14 

15 

16 











1 

1 

1 

\ 

















1 

1 









I 


Fia. 153. 

First the call sign is sent by each system, and then the dots 
sent by the W/T system are standardised to represent sea 
miles. All that the operator has to do on hearing the W/T 
signal is to count the dots until the sound signal is heard. This 
system of is repeated by the beacon station seven 

times in 3-J minutes. Thus the operator gets seven checks and 
takes a mean reading. This system works very satisfactorily 
up to distances of about 10-12 sea miles. 

Depth-Sounding Apparatus. — An excellent method of 
ascertaining and confirroing the position of a ship near the coast 
is by means of soundings and checking these sou ndin gs against 
those given on the chart. The soundings can be obtained by 
means of a lead line. In the past few years much better methods 
of taking soundings have been devised. 

Behm £cho Depth Sounder. — One method, the Behm 
Echo Depth Sounder, is illustrated in Fig. 164. 

A small cartridge rifle is fired from FH. The small shell 
fired detonates a few feet below the surface, producing a 
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poweiftil sound wave which through the loiorophone A 
starts a recording instrument in the chart room. The 

sound wave is reflected 



from the sea bed to mi- 
crophone B. This has 
the reverse action to A 
and stops the time re- 
corder. The recorder is 
calibrated in fathoms, and 
the distance travelled by 
the pointers on the chart 
room instrument is a direct 
reading of the depth of the 
sea bed. Several soimd- 


Fta. 154. 


ings can be tahien in one 


minute if necessary. 


Admiralty Type Echo Sounder. — A second type of echo 
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depth sounder is shown in Fig. 155. This t 3 rpe has been de- 
v^oped by the Admiralty Research Department. 
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The transmitter creates a sound wave which is reflected 
from the sea bed and picked up by the hydrophone and heard 
in the telephones. 

The whole apparatus is driven by a small motor (J h.p.), and 
geared through a reduction gear of 10 : 1, which ensures a 
constant speed. 

One rotary disc breaks the mains supply and actuates the 
transmitter. The second rotary disc S 2 , running on the same 
driving shaft, short-circuits the telephones in the receiving cir- 
cuit except as determined by the position relative to the corre- 
sponding pair of brushes of a second insulating segment. 

When the apparatus is running no sound will, therefore, be 
heard in the telephones unless the insulating segment in the 
telephone switch Sg happens to open the telephone circuit at 
the instant when the transmitter is actuated, or at the instant 
when the echo returns from the sea-bed. 

In operation, the brushes on the telephone circuit rotating 
switch S 2 are displaced relatively to the corresponding brushes in 
the transmitter rotating disc Sj, so that an interval of time pro- 
portional to the angular displacement of the brushes intervenes 
between the starting of an impulse from the transmitter and 
the opening of the telephone circuit. If now a sound is heard 
in the telephones, the angular displacement of the brushes, in 
terms of the known speed of rotation of the switch, gives a 
measure of the time taken for the sound to travel from the 
transmitter to the sea-bed and return to the receiver, i.e. 
approximately twice the depth of water. 

Thus in this apparatus the actual sounding is read directly 
on the scale, and no calculations are necessary. 

There are two types of this gear, one for shallow water 
soundings and the other for deep water sounding, with a maxi- 
mum range of 4000 fathoms. These instruments are made by 
Henry Hughes & Sons of London. 

The Fathometer. — Another method of determining the 
soimding of a ship consists of a piece of apparatus manu- 
factured by the Submarine Signal Corporation of Boston, 
Massachusetts, caUed the “ Fathometer.” This instrument is 
based on the principle of emitting a sound wave from a sound 
transmitter, causing this wave to be reflected from the sea-bed, 
and receiving the reflected sound wave on a receiver. The 
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interval of time "between the emission of the sound and reception 
of the sound is measured by a special device. 

The apparatus consists essentially of three parts : — 

(a) A sound transmitter (oscillator) riveted to the outer shell 
of the ship. 

(S) A sound receiver (hydrophone) in a small tank which is 
mounted on the inner surface of the shell of the ship, 
(c) A fathometer which controls the sound emissions, 
receives the electrical impulses due to the echo of the 
sound wave from the sea-bed, and translates the time 
interval between the transmission and reception of the 
sound into an indication of depth. 



Fig. 166 . 


Diagrammatically, the fathometer may be shown as in 
Pig. 166. 

The instruments are considerably magnified. The trans- 
mitter is actually about 12 ins. in diameter and 4 ins. deep, while 
the fathometer is about 13 ins. square. The receiver is of the 
ordinary telephone microphone type. The oscillator, which 
sends out enormous sound energy in a very small space of time 
at a frequency of 1050 cydbs per second, is operated electro 
magnetically, using alternating current supply. 

In the circuit betweea the hydrophone and the fathometer 
a filter circuit is arsranged in conjimction with a thermionic valve 
amplifier, so as to eliminate all extraneous noises such as the 
motion of the ship through the water. 
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For depths up to 100 fathoms the sound energy reflected on 
to the hydrophone is caused to actuate a relay which in turn 
actuates the fathometer. 

In depths of over 100 fathoms, the sound energy reflected on 
to the hydrophone actuates a pair of head receivers, and the 
‘note of the transmitter is heard in the telephone. 

The fathometer consists of a rotating disc which is driven 
at a constant speed by a small motor. In front of the disc are 
two scales, 0-600 fathoms and 0-100 fathoms. The disc makes 
four revolutions per second when measuring depths of less than 
100 fathoms, and one revolution in 1*5 seconds when used for 
measuring depths greater than 100 fathoms. 

The general principle of the working of the instrument in 
shallow water, i.e. to 100 fathoms depth, is as follows : — An 
electric circuit is closed which causes the sound transmitter to 
send out a powerful sound wave to the sea-bed. Simultane- 
ously with the emission of this sound wave an electric discharge 
is sent through a Geissler tube giving a flash of light, and indi- 
cating that a sound wave has been transmitted. The sound 
wave is reflected from the sea-bed, and the echo acting on the 
hydrophone causes a relay to close which gives a second luminous 
discharge through the ^issler tube, which by this time has 
travelled a certain distance around the scale. This second 
flash acts as a luminous indicator, and if, for example, one-eighth 
second has elapsed between the emission of the sound wave 
and the return of the echo, the deissler tube will have travelled 
one-half the distance around the scale, and the flash will be 
opposite the 50 fathoms mark, showing that the depth is 
50 fathoms. 

As the flashes foUow one another in very rapid succession, 
the Greissler tube gives practically a continuous pencil of light 
as an indicator. For distances greater than 100 fathoms, a 
white incandescent lamp lighted from a low- voltage battery is 
used as an indicator instead of the Geissler tube. As before, 
the transmitter circuit is closed when the light is opposite the 
zero on the scale. The echo from the sea-bed produces a 
musical note in the phones. The position of the white light on 
the scale indicates the depth indirectly on the scale. 

The instrument is very robust, automatic, and exceptionally 
simple to work. 
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Summary. ^We therefore have three definite methods 
other than actual visual methods, for helping to orient a ship’s 
position, and all these methods are independent of fog. These 

(1) Bearings relative to known transmitting stations using 

wireless direction finder instruments. 

(2) Sound methods giving distance from known transmitting 

stations. “ 

(3) Echo depth sounding apparatus. 

]m modem navigation all accurate methods by which the 
ship s position can be ascertained are of immense help, especially 
in times of fog. It is strongly advised that all methods should 
be used as frequently as possible, so that everyone becomes 
famih^ with the various types of apparatus and confidence is 
established in the gear. Then, when an emergency arises, 
everyone responsible for the ship’s navigation knows exactly 
the reliance that can be placed on the ship’s position. 
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CARE AND MAINTENANCE OF ACCUMULATORS. 

Usually manufacturers of accumulators supply printed instructions 
with, all their hatteries. These instructions should be carefully adhered 
to in order to get the best results and the longest life out of the batteries. 

The following rules apply generally to all lead accumulators : — 

Hirst Cha.rg’e. — This should commence immediately after adding 
the acid, and should last 36-40 hours. The first 12 hours must be con- 
tinuous charging. The specific gravity of the acid rises on charging, 
and should it rise above 1210, add pure distilled water to reduce the 
specific gravity to 1205-1208. 

Rate of Charging*. — This will be given on the cell cont^^iners, and 
should be adhered to. Charging should be done as soon as possible 
after^discharging. 

Rate of Discharging. — This is given on the cells, and the maxi- 
mum discharge rate should not be exceeded. 

Level of Electrolyte. — The acid must never be allowed to fall 
below half an inch above the top of the plates, i.e. the plates must be 
kept well covered. Any loss due to evaporation should be made good 
by adding pure distilled water at the end of the charge. 

Testing. — ^All cells should be examined and tested once per week, 
using a voltmeter for testing. The E.M.F. per cell should never be 
allowed to fall below 1-8 volts. Any cell lower than 1-8 volts should 
be charged up and examined for internal contacts between plates. Any 
sediment should be removed. 

Specific Gravity. — The specific gravity of fully charged cells should 
be between 1205-1210 at 60° F. Allow 1° sepecifio gravity fall for every 
3° Fahrenheit rise, i.e. specific gravity, 1205 at 60° equals 1202 at 69° F. 
and 1208 at 51° F. If the specific gravity rises above 1210, reduce by 
adding pure distilled water after the end of a charge whilst the plates 
are gassing. 

Polarity while Charging. — Care must be taken in charging that 
the positive of the charging circuit is connected to the positive of the 
battery. The cells should be cut out of circuit before the charging 
generator is shut down. 

Completion of Charge. — Cells can be considered charged when 
they have been gassing freely from both plates for about one hour, and 
the voltage per cell is 2-2 volts. 
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Idle Cells. — If it is required to leave cells out of action for any 
length of time the acid must not be removed, but the battery should he 
previously fully charged and care taken that the plates are fully covered 
with electrolyte. Efiorts should be made to charge these idle cells about 
once per fortnight. The charge should be continued until the cells gas 
freely. 
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APPENDIX 11. 

USE OP PROF. MAURER'S GRAPHICAL TABLE. 

This table is so arranged that for every combination of the latitude 
of the D.P. set (Bj) and the latitude of the transmitting station (Bg), 
there is a definite correction factor h. This correction factor multiplied 
by the difference in latitude between the D.P. set (Bj) and the trans- 
mitting station (Bg), gives the half-convergency angle required. 

The abscissfle Bj represent the latitude of the D.P. set (Bi). 

The ordinates Bg represent the latitude of the transmitting station 

(Bg). 

The correction factor h is given in the table. 

Then half-convergency = (B^ — Bg) X ^ in degrees. 

Example I. — Suppose the latitude of the D.P. receiver (Bi) = 45®. 
Suppose the latitude of the transmitting station (Bg) = 25®. il^om the 
table for Bj = 45® and Bg = 25°, "k — 0-325. 

Then half-convergency in degrees = (B^ — 'h»)h 

= (45 - 25“) X 0-325 
= 20 X 0-325 
= 6-5®. 

The sign of the half-convergency is determined as shown on page 134. 
Example II.— Let latitude of D.P. receiver = 22®, i.e. Bj. Let 
latitude of D.P. transmitting station = 12®, i.e. Bg. Prom table for 
Bg = 22® and Bg = 12®, k = 0-16. 

The half-convergency in degrees = (Bj — Ba)A 

= 10 X 0-16 
= 1 - 6 ®. 
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TRIGONOMETRICAL RATIOS. 

In the right-angled triangle POM the following definitions are 
employed with reference to the angle O : — 



Fig. 158. 


rp, . . PM opposite side . . r n. • ^ 

The ratio 7 ™ or — is called the sine of O, i.e. = sin O. 

OP hypotenuse OP 


.lie rai/io 7™ or -5 ] 

OP hypotenuse 

QM adjacent side 

99 99 QP OT 


the cosine of 0,i.e. ^ = cos O. 

PM 

- j- j. r\ : ^ r\ 


PM opposite side . r ^ ^ t n • „ 


OM adjacent side ,, , , ^ n • 

PM opposite side ” ” the co-tangent of O, i.e. 


OP hypotenuse 

’’ ” OM adjacent side ' 

OP hypotenuse 

” PM opposite side 


cot O. 


OP 

the secant of O, i.e. = sec O. 
the cosecant of O, i.e. 


= cosec O. 


That is. 


cot O == 


sec O = 


tan O’ 


cos 0 ‘ 


cosec 7^. 

sm O 

The above six ratios are known as the trigonometrical ratios, and are 
constant as long as the angle remains the same. 
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Consider Eig. 159. 

Then— 

a + 0-4-jS-t- ^ — 180°. 

2^ir + a + ^ = 180°. 
ifs 4- i(a + ^) = 90°. 
if, = 90° — 4(a 4- ^), 
cot Ip = cot [90° — ^ (a + )S)]. 
== tSin ^ (a -J- j8). 



Ko. 159. — = Receiver. T = Transmitter. RGT = Great cirdo 
boariu^. =s Rliuiiib lino boaring. NS and. = Meridians thxouffb 

R and T respectively. 


The value for tan ^ (a + ^) is given in Napier’s Analogy Tables 
for calculating the great circles between two known places, and is 
expressed by the formula — 

tan I (a -j- = cot | cos J (a — j8) sec J (a + ^). 


This can be seen by considering the spherical triangle in Fig. 160. 



R = Receiver. T — Transmitter. P = Pole. r = ^90® — ^ 

(complement of latitude from place T). t = ^90® — ^ *= (complement of 

latitude from place R). p = Distance between receiver and transmitter. 
a Receiver a^le to meridian. p == Transmitter angle to meridian, 
y = Difference in longitude between receiver and transmitter. 


Since r = 90° — 

and « = 90° — 
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Then r + « = ( 90 “ - I) + (90“ - |) 

= 180 ”" (t + I)* 

|(r+0 = 90‘’-i(| + |) 

— 90“ 

Where m = mean latitude between transmitter and receiver, also — 
r-<=(90“-|)-(90--|). 



Substituting this value in the Napier Analogy Tables, then 
tan |(a + J5) = cot . ^ = cot | cos ^ sec (90° — 

For short distances between R and T, 

cos i ~ 1 (approximately). 

Also, cosee <f>^ = sec (90° — (f>^). 

Thus— 

cot 0 = cot ^ cosec 

i.e. tan t/t = tan 5 sin 

Also, as the tangent of small angles equals the value of the angle, 
this gives 

^=|sin^„», 

i.e. lialf-convergency = ^ difE. in longitude x sine mean latitude. 
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!E'ig. 162. Maximum parallax error curves for distances between 
visual observation point and B.F. frame up to 600 feet. 

ITo face page 169. 
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■It has been shown in Chapter VI, page 102, that the parallax error 
varies relative to the fore and aft line of the ship, i.e. along the fore 
and aft line the error is nil. Prom dead ahead to starboard the error 
is negative, with a maximum at right angles to the base line joining the 
visual observation point to the D.F. frame. Prom dead astern to port 
the error is positive, with a maximum at right angles to the base line 
joining the visual observation point to the D.P. frame. This error varies 
according to— 

(1) Base line, i.e. the distance between the visual observation point 

and the D.P. frame position. 

(2) The distance between the ship and the observed object. 

The parallax error increases as (1) increases, and as (2) decreases, 
i.e. a maximum parallax error occurs on a long base line, when observa- 
tions are made on a near object. The attached curves give a rapid 
method of quickly finding the maximiim parallax error for various base 
lines for distances up to 5 miles. 

These errors are worked out for base lines of 10, 20, 30 . . . 100 ft., 
and 150, 200, 250 .. . 500 ft. for all distances from J mile to 6 miles. 

It must be noted that the curves show the mcKwmwm parallax 
error, and from this the values at various angles from 0° to 360° can be 
calculated. 
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THE GREEK ALPHABET. 
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A 

Acoumulators, care and maintenance 
of, 163. 

Added vertical efEect, 44. 

Addition of polar diagrams, 37. 
Adjustment of heart-shaped diagram, 
87-88. 

vertical aerial, 80. 

Admiralty type echo sounder, 148-149. 
Aerial, vertical, 79. 

length of, 80. 

Aerials, effects of neighbouring, 136. 

— polars of a loop, 40. 

vertical, 38. 

— receiving qualities of a loop, 34-37. 

vertical, 32-33. 

Alternating current, effective value 

of, 7. 

Ampere, definition of, 2. 

Amplification by means of a valve, 
19-20. 

— factor, 16. 

Amplifiers, H.F. choke coupling, 21. 

— L.F. coupling transformer, 21. 

— resistance coupling, 22. 

— tuned anode coupling, 20. 

Atoms, 1. 


B 

Beacon stations, 145-146. 

Bearing angles, bad, 138. 

— method of taking on C.W., 87. 
spark or I.C.W., 86. 

— relative, 122. 

— true, 123. 

Bearings, “ Cooked Hat,” 126. 

— cross, 124. 

— running fix, 127. 

— vertical effects on, 45. 

— and distance by D.F., 128. 
W/r and sound devices^ 

146-147. 


Beat reception, 23-24. 

Behm echo depth sounder, 147-148. 
Bellini system, 64 and 65. 
Bellini-Tosi system of D.F., 56-57. 


C 

Calibration of coast stations. 111. 

a land station, 112. 

ship’s D.F., 98-100. 

Capacity of a condenser, 8. 

Care and maintenance of accumula- 
tors, 153. 

Characteristic curves of a three-elec- 
trode valve, 16. 

Chart, gnomonic or orthodromic, 118- 
119. 

Chart-room or W/T cabin as position 
of D.F. receiver, 77. 

Charts, mercator, 117-118. 

Checking the quadrantal error curve, 
104. 

Choke coupling, 21. 

Coast stations, calibration of, 111. 
Coastal refraction, 136-138. 

Collisions at sea, avoidance of by D.F. 

installation, 129. 

Compass, corrections of, 121-124. 

— deviation of, 121. 

— errors on wireless bearings, the 

effect of, 105-106. 

— gyro type, 120. 

— wireless telefunken, 51-64. 
Compensated vertical effect on bear- 
ings, 45-46. 

Condenser, capacity of, 8. 

— energy in a, 9. 

— reactance of, 9. 

Condensers, 8. 

— in the circuit, connection of, 9-10. 
Conditions of obtaining “sense” or 

true direction^ 48. 

Conductor, definition of, 3. 


11 
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Continuous wave, D.F. bearings on 
O.W. stations, 87-88. 

principles of, 30. 

utility for D.F. working, 139. 

Convergenoy, half, 131. 

Coulomb, 2. 

Coupling between valves, 20-22. 

— choke, 21. 

— resistance, 22. 

— transformer, 21-22. 

— tuned anode, 20-21. 

Course, changing a course on a W/T 
bearing, 128. 

Cranwell system, 68-61. 

Cross-bearings, 124-129. 


D 

Dedection of wireless bearings due to 
the ship^s metal mass, 93-113. 
Depth-sounding apparatus, 147-152. 
Derricks, stays, etc., 107. 

Detector, valve as a, 17-48. 

Deviation, 121. 

Diagrams, polar, 37-48. 

Dielectric constant, 8. 

Direct reception, 43. 

— vertical effects, 42-43. 

Direction finding, principles of, 28-48. 


£ 

Earth, the, 114. 

Echo sounder. Admiralty type, 148- 
149. 

Behm type, 147-148. 

— sounding devices, 147-152. 

Effects of neighbouring aerials, 136. 
Electrical field, screening of, 25. 
Electricity, general, 1-14. 
Electromagnetic energy, 30. 

E.M.F*s, phase of in loop aerial, 36. 

vertical aerial, 33. 

Electrons, 1. 

Electrostatic energy, 30. 

definition of, 4. 

— electromagnetic, 30. 

— dlectrostatic, 30. 

Equator, the, 114. 

Ei^is due to land between transmitter 
and receiver, 138. 


Errors, parallax, 101-102. 

Ether, 1. 

F 

Farad, definition of, 8. 

Fathometer, 149-151. 

Faults and their elimination in a 
Siemens D.F. system, 88. 

Figure eight polar diagram, 40. 

Flux density, 32. 

Frame aeri^, effect of earthing a, 41- 
42. 

polar of, 38-40. 

Frame — ^method of setting in true 
north-south direction, 112-113. 
Frequency, definition of, 5-6. 

Flannels, 108. 

! G 

General electricity, 1-14. 

Gnomonic or orthodromic chart, 118- 
119. 

Great circles, definition of, 116. 

Grid current, 17. 

G 3 rro compass, 120. 

H 

Half-convergenoy, 131-135. 

— application to W/T bearing, 135. 

— table. Prof. Maurer’s, 133 and 155. 
Heart-shaped diagram, 47. 

Heatiog, effect of current, 4. 

Heaviside layer, 141. 

Hemy, definition of, 10. 

Heterodyning, 23-24. 

High-frequency amplification, 19-20. 

I 

Inductance, 10-11. 

— reactance of, 10-11. 

— unit of, 10. 

Inductances in the circidt, coxmection 
of, 11-12. 

Installation of single-frame aerial on a 
ship, 77-92. 

Instructions for operating the Siemens 
direction finder, 86-88. 
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Insulator, definition of, 3. 

Interrupted continuous wave trans- 
mission, definition of, 
30, 

suitability for D.F. ^ 

beacons, 146. 

Ion, 1. 


J 

Joule’s law, 4. 

K 

Kolster and Dunmore system, 63. 

L 

Land station, calibration of, 112. 
Latitude, 114-115. 

Leaky grid-condenser rectification, 18- 
19. 

Line, the position, 123. 

Lines of force, 2. 

magnetic force, 10. 

Local osc^tor, 24. 

LongHude, 115, 

Loop aerial, polar of, 38-40. 

Loops, 34-37. 

Low-frequency amplification, 20. 
Lubber line, 99. 

M 

Magnetic field, screening of, 25. 

— meridian, 121. 

Maintenance and care of accumulators, 
163. 

Maps, 114-119. 

Marconi-Bollini-Tosi system (M.B.T.), 
56-68. 

Maurer’s half-convergency table, 133 
and 155. 

Mfl.-girmim signal strength, conditions 
for, 36. 

Mercator charts, 117-118. 

Meridian, magnetic, 121, 

Method of setting frame in true north- 
south direction, 112-113. 
Microfarad, definition of, 8. 
Microhenry, definition of, 10. 


Minimum signal strength, conditions 
for, 36. 

Molecules, 1. 

N 

Night effect, 138-142- 
Note magnifier, valve as, 20. 

O 

Ohm, definition of, 3. 

Ohm’s Law, 4. 

Oscillating circuit, 28-29. 

Oscillator, local, 24. 

P 

Parallax error curves, 169, 

— errors, 101-102. 

simple rules for estimating, 103- 

104. 

Phase relations between flux in wave 
and E.M.F. induced in a 
frame aerial, 37. 

flux in wave and B.M.F. 

induced in a vertical 
aerial, 33. 

vertical aerial and loop 

aerial in heart-shaped dia- 
gram, 47. 

Polar diagram, figure eight, 40. 

— diagrams, general principles, 37-48. 

summation of, 37-38. 

Polarisation of electromagnetic waves, 

140. 

Polar of a frame or loop aerial, 38-40. 

vertical aerial, 38- 

Potential, definition of, 3. 

Power, definition of, 4. 

Power factor, 8. 

Presence of night effect, conditions for, 
144. 

Principles of direction finding, 28-48. 

Q 

Quadrantal error calibration (Q.B.), 
94. 

curve, checking the, 104- 

method of determining, 98. 

curves, general conclusions, 110. 
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R 

Radiation resistance, 33. 

Reactance of a condenser, 9. 

inductance, 10-11. 

Reaction, 22-23. 

Rectification, leaky giid-condenser, 
18-19. 

Reflected waves from heaviside layer, 
141. 

Refraction, coastal, 136-138. 
Resistance coupling, 22. 

— radiation, 33. 

Resistances, 5-8. 

— in a circuit, connection of, 5. 
Resonance, 12. 

Rhumb line, 119. 

Robinson system, 58-61. 
Root-mean-square value, 7. 

Running fix, 127. 


S 

Saturation of valve, 17. 

Screening, 25-27. 

Self-inductance, 10. 

Sense determination, 46. 

Siemens single-frame system, 65-76. 

instructions for operating, 

86 - 88 . 

Signal strength, conditions for maxi- 
mum, 35. 

minimum, 35. 

Sine law, definition of, 6. 

— trigonometric ratio, 166. 
Single-frame aerial : choice of site, 77- 

78. 

installation on a ship, 77-92. 

— systems, 61-92. 

Site, choice of D.F. set on a ship, 77-78. 
Sound signalling devices, 146-147. 
Spark wave train, 29. 

Stays, derricks, etc., 107. 

Submarine Signal Corporation's fatho- 
meter, 149-161. 


Sunset and sunrise variation in bear- 
ings, 138. 

T 

Telefunken compass, 61-54. 

— single-frame apparatus, 76-76. 
Telephones, 13. 

Transformer coupling, low frequency, 
21 - 22 . 

Transformers, 13. 

Trigonometrical ratios, 156-168. 

Tuned anode coupling, 20-21. 
Two-frame direction finder, 65-61. 

V 

Valves, 15-25. 

Ventilators — amoving and fixed tjpes, 
108-109. 

Vertical aerial, length, adjustment of, 
etc., 79. 

polar of, 38. 

— effect on bearings, compensated, 

45-46. 

— effects on bearings, 45- 
summation of, 43-44. 

Visual and W/T bearings, chart for, 
when calibrating, 100. 

W 

Wave, continuous (C.W.), 29. 

— interrupted continuous (I.C.W.). 

29-30. 

Wave-length and effect on Q.E. curve 
96. 

Waves, electro-magnetic, polarisatiox 
of, 140. 

refiection from coast, 136. 

heaviside layer, 141. 

Wireless bearings, defiection due tc 
ship’s metal mass, 93-113. 

the effect of compass errors on 

105-106. 
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